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For photomicrography 
and simultaneous obser- 
vation, binocular photo 
tube “FS” is available 





the 
laboratory 
microscope - 
which 
fulfills 
research 
requirements 


thenew LEITZ LABOLU X Illa 


The Leitz Labolux IIIa is a new laboratory microscope with built-in illumination and the famous 
Labolux ball-bearing focusing control, which combines both coarse and fine focusing in a single 
knob. Available with a wide variety of accessories, the Labolux IIIa is recommended for all routine 
laboratory work and, in addition, can be equipped to fulfill the most exacting research. 


























A variety of interchangeable tubes is available: monocular, binocular or trinocular (binocular 
viewing plus photo tube for photomicrography). Tubes can be rotated 360° so that the Labolux IIIa 
may be faced away from the observer, for increased accessibility to all controls and to the object 
stage, and to make “conference-viewing” by two consultants more convenient. 

Among the condensers available are the Abbe type, the Berek 2-diaphragm condenser, and condensers 
for phase contrast and dark field observations. The Labolux IIIa is readily adapted to fluorescence 
microscopy by addition of the Leitz fluorescence accessories. The large stand, in a new contemporary 
design, is constructed for a lifetime of use with fatigue-free operation and precision performance. 
All controls, including the knobs for the mechanical stage, are in a low convenient position. High- 
power objectives have spring-loaded mounts for prevention of damage to lenses and slides. 


LABOLUx Illa, Model S 25/95 


¢ inclined binocular tube S with knurled knob to adjust for proper interpupillary distance e built-in 
mechanical stage #25 two-lens condenser #95 e substage unit with rack and pinion focusing accepts 
sleeve-type condensers @ quadruple nosepiece with achromats 3.5X, 10X, 45X and 100X oil immersion, 
the last two having spring-loaded mounts e paired 10X wide-field eyepieces @ horizontal carrying case 
e 3-step transformer, 6 V., 2.5 Amp. 


For literature and/or a personal demonstration in your laboratory, write Dept. SC-56 









Wiser cibwto re o f the wortd-famowus products 





E. LEITZ, INC., 468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 


Ernst Leitz G.m.b.H.,Wetzlar, Germany—Ernst Leitz Canada Ltd. 
LEICA CAMERAS: LENSES: PROJECTORS . MICROSCOPES : BINOCULARS 
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Check these SAUNDERS books 
designed to meet your needs for 
basic texts and accurate reference sources 





Giese—CELL PHYSIOLOGY 


A unique coverage of the field 
of cell physiology at the under- 
graduate level, this text enjoys 
a rarely met popularity among 
teachers and students alike. Dr. 
Giese describes in relatively 
simple language the major 
problems in this field, explain- 
ing their interrelationships and 
the current status of each. Complicated controversies 





Hunter, Frye & Swartzwelder’s 
MANUAL OF TROPICAL MEDICINE 


New (3rd) Edition!—Here is up-to-the-minute in- 
formation on all aspects of tropical medicine— 
from insect control to treatment of dysentery. This 
practical manual is highly useful to those con- 
cerned with any phase in the diagnosis, manage- 
ment, prevention and control of tropical diseases. 
A large section of the book is devoted to labora- 
tory and diagnostic methods, including the new- 
est staining techniques. New chapters cover tuber- 
culosis, toxicology of pesticides, cutaneous diph- 
theria, etc. Expanded discussions are on ECHO 
viruses, antibodies specific against certain diseases, 
cestode infections, rickettsial diseases, etc. 


By Georce W. Hunter, III, Ph.D., Col. U.S.A. (Ret.), Lecturer in 
Microbiology and Biological ‘Sciences, College of Medicine, University 
of Florida; WittiaMm W. Fryet, Ph.D., M.D., Professor of Tropical 
Medicine, and Dean, School of Medicine, Louisiana State University; 
and J. CLYDE SWARTZWELDER, Ph.D., Professor of Medical Parasi- 
tology, Louisiana State University School of Medicine. With Col- 
laboration of 36 Authorities. 892 pages, with 310 illustrations. $15.00. 

New (3rd) Edition! 








are avoided and subject matter is limited solely to 
the cell, making this a closely-knit text suitable for 
a one-quarter or one-semester class. Major topics are 
pinpointed in bold type, minor ones in italics. You'll 
find complete information on cellular environment— 
nutrition—irritability and response—radiation effects 
—latest developments on photosynthesis—growth— 
history of cell physiology—ete. 


By ArtTHuR C. Giese, Ph.D., Professor of Biology, Stanford University. 
534 pages, with 259 illustrations. $10.00. 


Arey’s 
DEVELOPMENTAL ANATOMY 


Sixth Edition!—Structural and functional aspects 
of embryology are pictured and skillfully ex- 
plained in this long-respected text and lab manual. 
The book is divided into 3 parts: General develop- 
ment gives basic concepts of the growth and repro- 
duction of Amphioxus, Amphibia, birds and mam- 
mals; Special Development explains the growth 
of each organ or system in the human embryo; 
and the Laboratory Manual provides studies of the 
chick and pig embryos. Unwieldy topics, such as 
the cardiovascular and urogenital systems, are sub- 
divided into shorter, easier-to-read chapters. Basic 
facts are in large type, while more technical data 
are in smaller type for advanced students. ‘ 
By LestreE BRAINERD AREY, Ph.D., Sc.D., LL.D., Robert Laughlin 
Rea Professor of Anatomy, Emeritus, Northwestern University. 680 


pages, with 1552 illustrations on 630 figures (many in color). $9.50. 
Sixth Edition: 





Hollinshead—FUNCTIONAL ANATOMY of LIMBS & BACK Ste pee 


New (2nd) Edition!—Here is a book of immediate 
value to those studying functions of the muscles and 
movements of the body. It serves well also as a 
superb reference and review of the basic facts of 
anatomy. You'll find here graphic descriptions of 
the body’s voluntary musculature—from the strap 
muscles of the back to the flexors of the big toe. 
Main emphasis is placed on the anatomy of the ‘limbs 
and back. Along with body musculature, Dr. Hollins- 
head discusses related bones, joints, tissues, vessels 
and nerves. Normal movements of large structures, 
such as the shoulder and pelvis, are fully pictured 
and described. Functions of individual muscle 
groups are illustrated by various activities, such as 
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By W. HENRY HOLLINSHEAD, Ph.D., Head of Section of Anatomy, Mayo 
Clinic. Rochester. Professor of Anatomy, Mayo Foundation, University 
of Minnesota. 403 pages, 159 illustrations. $9.00. New (2nd) Edition! 


“Flexor digiti 

minimi brevis 

Abductor 
~-digiti 

minimi 
S.Quadratus 
Medial plantae 
plantar n. 





Gladly sent to teachers for consideration as texts 


W. B. SAUNDERS COMPANY @ West Washington Square * Philadelphia 5 


SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, Washineton 5. D.C. Second-class postage paid at Washington, D.C., and 
additional mailing office. Annual subscriptions: $8.50; foreign postage, $1.50; Canadian postage, 75¢. 











NO. je EPR AT WORK SERIES 


HIGH SENSITIVITY E = R The V-4500 100 kc EPR Spectrometer offers to the 


scientist the following important features: 


Sensitivity 2 x 10'‘AH unpaired electron spins 
LAS A TOOL IN at a response time of one second. (AH is the sig- 


nal line width in gauss.) 


FREE RADICAL RESEARCH — 


Sample irradiation by U-V or visible light. 


CELECTRON PARAMAGNETIC RESONANCE) 





EXAMPLE 


Identification of Intermediate Substrate Free-Radicals formed during Peroxidatic Oxidations 





A considerable amount of work utilizing the technique of electron paramagnetic 

resonance (EPR) to detect free-radical production in typical enzyme-substrate 
1.7 Gouss—a] oxidation-reduction reactions has been reported. For the most part the EPR sig- 
nals that have been observed in the system have been associated with the enzyme 


Trigger itself, or with a change in valance state (i. e., to a paramagnetic state) of the 
for How. metal in the metalloflavoproteins. In no case has evidence been presented to 
associate the free radical signal with the substrate undergoing oxidation or reduc- 

} tion. The EPR technique is valuable not only for detecting free radicals but can 


also be used to identify the type of free radicals in a system and provides a 
direct measure of their concentration, since the total intensity of the spectral lines 
is directly proportional to the concentration of free radical intermediates present. 
With the improved sensitivity and larger sample volumes obtainable, it is now 








Microwave Power: 





aide Leslee 55 weve possible to re-investigate free radical production in these biological systems. 
: In the research described (see illustrations), EPR has been used to detect, iden- 
Gain: 2,000 . . P . . P ° . 
‘ tify, and follow the kinetics of free radical formation and decay in the oxidation 
lao tigen of ascorbic acid by an enzyme in H2O2z solution. These observations were made 
; with a Varian 100 kc EPR Spectrometer, utilizing a flat sample cuvette attached 
Response Time: 
0.3 seconds 


to a flow system for kinetic measurements. The enzyme was recrystallized Japa- 
nese turnip peroxidase. * 


Fig. A. Semiquinone 





Figure A illustrates the free-radical spectrum obtained from a mixture of enzyme 
(8x10-°M) and a solution of hydroquinone (10-?M), H2O2 (107-?M) and acetate 
buffer (pH 4.8). The measured concentration of free radicals from this enzyme 
reaction was 1.3x10"°M in the steady state. 



















2.4 Gauss —o 


Figure B shows the intermediate formed during the peroxidatic oxidation of 
ascorbic acid in a steady state reaction. The concentration of free radicals re- 
sulting from the reaction of ascorbic acid (10-?M), H2O2 (1077M), and peroxidase 


Trigger (1.6x1077M) at pH = 4.8, was 7.2x107°M. 
for flow 
f a There is no doubt that the free radicals generated during the peroxidatic oxida- 


tions of hydroquinone and ascorbic acid are derived from the substrates.** The 
enzymic generation of free radicals from substrates, which have been observed 
in this investigation by electron paramagnetic resonance spectroscopy, suggests 








Microwave Power: 
10 db below 350 mw 





Pi Ret that aerobic life may have an inherent genetic instability due to mutations which 
:4 . . . . “Lege . 

x such free radicals could produce. This interesting possibility seems to merit fur- 

Modulation: a : . 

Tooke {1 sect ther investigation. 


Response Time: 
0.3 seconds 





* Samples courtesy of I. Yamazaki and H. S. Mason, Department of Biochem- 
istry, University of Oregon Medical School, Portland, Oregon, U.S. A. 


** See: Yamazaki, _ and Piette; Biochem. and Biophys. Comm; Vol. 1, 
No. 6, pp. 336-3 





Fig.B. Ascorbate Intermediate 

















applied research in physics, chemistry, biology and 


PALO ALTO 18, CALIFORNIA 
medical research, write the Instrument: Division 


For literature which fully explains the 100 kc 
EPR Spectrometer and its application to basic and VARIAN associates 


NMR & EPR SPECTROMETERS, MAGNETS, FLUXMETERS, GRAPHIC RECORDERS, MAGNETOMETERS, MICROWAVE TUBES, MICROWAVE SYSTEM COMPONENTS, HIGH VACUUM EQUIPMENT, LINEAR ACCELERATORS, RESEARCH AND DEVELOPMENT SERVICES 
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NEW BECKMAN DB SPECTROPHOTOMETER 


The Beckman DB Spectrophotometer utilizes an 
exclusive double-beam system. This eliminates most 
adjustments required in single-beam units. Sepa- 
rate readings for reference and sample cells are 
unnecessary—you simply set the desired wave- 
length, insert the sample and reference and read the 
meter. Manual operation, wide wavelength range 
and direct readout combine with double-beam ac- 


New Push-button Recorder 











tion to bring you up to 80% savings in routine 
analyses time. 


No. 68435—Beckman Model DB Spectrophotometer, for 320 to 770 
mu wavelength range, with two silica rectangular ceils. 115 volts, 
i ee or ee fo oe 
To extend range to 220 mu the following are needed: 
No. GEASTA=-UV AGCEESORY SSl. oi ccaliace si ocesacebaacnen $40.00 
No. 68437B—Hydrogen Lamp Power Supply................ $297.00 
Flame Attachment also availabie for use with Model DB. 


~ Ratio Recording Available 


Add a wavelength drive accessory and a Beckman 
Potentiometric Recorder to the Model DB and you have 
the lowest-priced true %T recording spectrophotometer 
available today! Features of the Beckman Potentio- 
metric Strip Chart Recorder make it the ideal companion 
for the Model DB. 


No. 67940—Beckman Potentiometric Recorder...... ceases 0 $475.00 
No. 68438A—Wavelength Drive Accessory. ........eeeeee0. $75.00 


Ask your S/P Representative for complete specifications, or write... 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 


Regional Offices: Atlanta * Boston » Chicago * Columbus + Dallas + Kansas City 
Los Angeles - Miami - Minneapolis - New York + San Francisco * Washington 
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Claim to Fame 


So far as we know, no team of linguists and sociologists has as yet 
made a joint attack on the problems posed by the evolution and dis- 
tribution of the alphabetical abbreviations for institutional names. Un- 
questionably the condensation of titles saves effort in speaking and cost 
in printing, but other factors doubtless serve to increase the currency 
of the short forms. An element of gamesmanship surely plays some 
part. No one is going to refer to the Atomic Energy Commission by 
its full title among his scientific peers for fear they might think him 
unfamiliar with “AEC.” But no simple rule prevails for the formation 
of such abbreviations. The National Bureau of Standards is invariably 
referred to in conversation as “the NBS,” but the National Gallery 
of Art is never called “the NGA.” 

Perhaps a little classification of abbreviations will be useful. The 
classic type is formed from the initial letters of all or almost all of the 
words that make up the institutional title, but the abbreviation so 
formed does not form a word. The letters are pronounced one by one. 
Familiar examples are FBI, CIA, and NAS—NRC. 

The other common, though more recent, type of abbreviation is, 
like the classic type, formed from the initial letters of some or all of 
the words in the title, but the title has been so arranged that these 
initial letters can be pronounced in syllables, as words. To one not 
familiar with them, these words give a strange, even a barbaric, flavor 
to the language. Among them are UNESCO, NATO, ICSU (pro- 
nounced “ik-sue” and translated as the International Council of Scien- 
tific Unions), and ARPA-IDA (pronounced as spelled and translated 
as Advanced Research Projects Agency-—Institute for Defense Analysis). 

Some others fail to fit into either pattern. Thus, MIT (for Massachu- 
setts Institute of Technology), DOD (for Department of Defense), and 
FID (for Fédération Internationale de Documentation) could be, but 
happily never are, treated as words. Another type of shortened title is 
made up of some of the initial letters combined with an abbreviation 
of a word. Among these hybrid types are Aslib (pronounced “ah-slib” 
and standing for the Association of Scientific Libraries) and AMSOC, 
for the American Miscellaneous Society. 

The American Association for the Advancement of Science is ab- 
breviated as the AAAS. To pronounce this form letter by letter would 
be tedious and would convey an impression of indecision: “eh, eh, eh, 
ess.” This is avoided in two ways: physicists and mathematicians call it 
“the a-cube-ess” (A*S); all others run it smoothly off their tongues as 
“the triple-d-ess.” 

To look at it from another angle, widespread recognition of an 
abbreviated title is an indication of fame and status. Recently, a young 
institution has moved into the elite group of organizations whose 
shortened titles have national currency. We congratulate the NSF, the 
National Science Foundation, on the occasion of its tenth birthday, 
10 May 1960, for achieving such fame at so tender an age and, what 
is more important, for having developed in such a way that it has 
earned the respect of the nation’s scientists. May the NSF continue 
its good work in support of research, education, and communication 
in the sciences for ten to the nth (10") years.—G.DuS. 
































STEREOZOOM* 
N W MICROSCOPES 
BY BAUSCH & LOMB! 


Breaking all sales records! Just try one in a free laboratory demon- 
stration and you'll soon see why . . . they’re the newest step forward 
to faster and easier 3D work. 


EXCLUSIVE NEW OPTICS! 


Get StereoZoom . . . continuously variable power! 
Just a turn of the knob gives an infinite choice of 
magnifications throughout the whole stereo range... 
to 120X on some models. 





EXCLUSIVE NEW POWER POD DESIGN! 


A wholly enclosed optical system in a single unit. Keeps 
out dust and dirt; eliminates old fashioned nosepieces, 
annoying image jump and blackout. NEW VERSATILITY, 
TOO! Your choice of StereoZoom or fixed power in a Power 
Pod that interchanges among any of the five basic stands. 








BAUSCH & LOMB OPTICAL CO. 
64205 Bausch St., Rochester 2, N. Y. 


(] Send me new B&L StereoZoom Catalog D-15. 
() Schedule a demonstration at my convenience. 


NOUS TIE 6c oiccis ees RRR ES, Faieesciesecksenasnidcauemasen 


NEW LOW PRICE! 


About 14 lower than previous line. 





*Trademark, Bausch & Lomb Optical Co. 
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National Science Foundation: 


A Ten-Year Résumé 


Its obligations in support of research and training and 
in evaluating national science policy have multiplied. 


The National Science Foundation’s 
first 6 years were analyzed with scholar- 
ly thoroughness by Dael Wolfle in Sci- 
ence in 1957 (1). I shall not attempt to 
review the factual data concerning the 
organization and operations of the 
foundation that are given in detail in 
his article. I shall take up the narrative 
essentially where he left it, at the be- 
ginning of fiscal year 1958. Whatever I 
have to say concerning the earlier pe- 
tiod will be from the special point of 
view of one who has been intimately 
involved in shaping the foundation’s 
policies and operations during its forma- 
tive years. 

As visualized by Vannevar Bush in 
Science, the Endless Frontier, and as 
defined by Congress in the National 
Science Foundation Act of 1950, the 
foundation has two distinct sets of func- 
tions; one relates to the support of re- 
search and education through grants, 
fellowships, and other means, and the 
second involves the development of na- 
tional science policy and the evaluation 
and correlation of the research activi- 
ties of the federal government, as well 
as the correlation of its own program 
with those of other agencies, both pub- 
lic and private. There is a degree of 
difficulty in reconciling these two func- 





The author is director of the National Science 
Foundation, Washington, D.C. 
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tions, because in planning and operat- 
ing a research-support program the 
foundation becomes to some extent an 
interested party with respect to the 
policy prescribed. Congress obviated 
this situation somewhat by denying the 
foundation authority to perform re- 
search or to establish its own research 
laboratories. 

In the first or operational category, 
planning and execution have been rea- 
sonably straightforward. Early in its 
history the foundation adopted the 
grant as being the most flexible and 
effective means of support for basic 
scientific research. In the field of edu- 
cation it was decided that the graduate 
fellowship was the device that would 
produce the most immediate results in 
terms of trained manpower. Within the 
budgetary limits imposed by Congress, 
the foundation immediately launched a 
graduate fellowship program and a 
research-support program which em- 
braced all the natural sciences and, 
later, selected areas in the social sci- 
ences. 

The policy-making functions, as well 
as the evaluation functions prescribed 
in the act were less susceptible of im- 
mediate and specific action, for reasons 
Wolfle pointed out. 

In Science, the Endless Frontier, Bush 
had visualized that a National Research 
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Foundation would be the principal, if 
not, indeed, the sole, point of reference 
for federal support of basic or uncom- 
mitted research in the postwar period. 
In view of the brilliant success of the 
wartime Office of Scientific Research 
and Development, this was a logical 
plan for taking care of the nation’s 
research needs in science. So urgent 
were these needs, however, particu- 
larly in the mathematics, science, and 
engineering departments of universities, 
and so urgent was the nation’s need for 
scientific research that the provision of 
federal support could not await the 
outcome of the 5-year congressional 
debate over legislation to establish the 
National Science Foundation. 

The foresight of Secretary of the 
Navy Forrestal in establishing the Office 
of Research and Inventions—which in 
1946 became the statutory Office of 
Naval Research—made it possible for 
the Navy to provide critically needed 
support for basic research at universi- 
ties. This program was followed. in 
short order by’ the programs of the 
Federal Security Agency, notably those 
of the U.S. Public Health Service and 
the National Institutes of Health, and 
those of the Atomic Energy Commis- 
sion. When the National Science Foun- 
dation began to operate in 1951, initial 
policy had been formulated and active 
support of science was under way, and 
as a result there was pressing demand 
for (i) impartial support of basic re- 
search and training unrelated to such 
practical missions as defense and health 
and (ii) supervision, coordination, and 
policy determination among the grow- 
ing and splintered research-support pro- 
grams of the federal government. 

Equipped with a broad charter, a 
limited but growing staff, and an oper- 
ating budget of $3.5 million, the new 
foundation found itself under pressure 
almost immediately to start performing 
policy-making and evaluation functions. 
In addition, of course, it was expected 
to launch, as early as possible, pro- 
grams in support of basic research and 
education in the sciences. 
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Development of National Science Policy 


In this situation, the National Sci- 
ence Board and the director sought to 
define more specifically the role of the 
National Science Foundation in relation 
to other agencies. After extensive con- 
ferences between National Science 
Foundation staff members and _ the 
Bureau of the Budget and other agen- 
cies, the foundation made a series of 
recommendations which were incorpo- 
rated in Executive Order 10521 of 17 
March 1954 (2). The order states that 
the foundation “shall . . . recommend to 
the President policies for the promotion 
and support of basic research and edu- 
cation in the sciences, including policies 
with respect to furnishing guidance 
toward defining the responsibilities of 
the Federal Government in the conduct 
and support of basic scientific research.” 

The order further directs that the 
foundation shall be increasingly — re- 
sponsible for the support of general- 
purpose basic research but recognizes 
also the importance and desirability of 
having other agencies conduct their spe- 
cial basic research in fields closely re- 
lated to their missions. The foundation 
is not expected to have responsibility 
for the applied research and develop- 
ment program of other agencies; each 
agency is accountable for the scope and 
quality of its development efforts. 

The Executive Order of 13 March 
1959 [section 6(b)] further clarified the 
foundation’s role as applying only to 
basic research. Within this more spe- 
cialized framework, the foundation 
has been steadily formulating national 
science policy in the course of day-to- 
day operations, frequently on the basis 
of agreement and understanding with 
other agencies. Those who insist that 
policy must be handed down “ready 
made” in the form of a proclamation or 
edict do not understand the nature of 
policy in the realm of science. To be 
workable, policy must evolve on the 
basis of experience; further, it must take 
fully into account the fundamental prin- 
ciples essential to the effective perform- 
ance of research in science. 

In carrying out its obligations re- 
garding the development of national 
science policy, the foundation started 
from the premise that, in its broadest 
sense, national policy for science is a 
matter primarily to be determined by 
the scientists themselves. The scientists 
of the country are unquestionably the 
ones most capable of deciding what is 
best for progress in science, in the true 
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meaning of the word. Policy in this 
sense should not be “‘master-minded” by 
the federal government or any single 
agency. 

The foundation has advocated, and 
has itself adopted, the fairly general 
federal policy of providing support to 
basic research after consultation with 
leading scientists in their respective 
fields. This would appear to be the most 
direct way in which progress in science 
in the country can be determined by the 
scientists themselves. It is the method 
that is favored by the majority of work- 
ing research scientists. In carrying out 
this policy, a given federal agency inter- 
jects its own interests and priorities. 

In further development of science 
policy, the foundation’s approach has 
been to examine particular issues and 
to develop recommendations through a 
variety of techniques and devices, as 
follows. 

1) The establishment of a special 
committee, followed by the issuance of 
a report. The principal example here is 
the foundation’s study, through two 
different committees, of the problems 
of government-university relationships. 
This study availed itself of the as- 
sistance of outside individuals and 
groups, the foundation staff, members 
of the National Science Board, and rep- 
resentatives of other government agen- 
cies. Another example is the work of 
the foundation’s Special Commission 
on Rubber Research, which made rec- 
ommendations on the role of the gov- 
ernment with respect to basic research 
in this field that were approved by both 
the President and Congress. 

2) Preparation of special reports on 
particular subjects—for example, the 
foundation report on “Basic Research 
—A National Resource” (1957). 

3) The use of experimental programs 
by the foundation as a means of acquir- 
ing information and experience to 
provide a basis for policy recommenda- 
tions. The various experimental pro- 
grams in science education, such as the 
Physical Sciences Study Committee, are 
examples of this approach. 

4) Conduct of studies and issuance 
of reports upon request of the Execu- 
tive Office of the President. The foun- 
dation’s report on the role of the 
federal government in international sci- 
ence, its report on federal support of 
research facilities, and its recommenda- 
tions regarding payment of indirect 
costs were prepared at the request of 
the Executive Office of the President. 

5) Sponsorship of legislation on par- 





ticular problems. An outstanding exam- 
ple is the successful foundation sponsor- 
ship of legislation to extend to all agen- 
cies of the government the authority to 
make grants for the support of basic 
research and the authority to vest title 
to research equipment with educational 
institutions. In this and other similar 
administrative policy matters the Inter- 
departmental Committee for Scientific 
Research and Development was helpful. 

In 1959 the foundation compiled a 
list of some 50 science-policy items of 
a government-wide, national character 
that it has recommended or stressed. 
Drawn from a variety of public state- 
ments and published reports, these in- 
clude: (i) the need for increased sup- 
port of basic research; (ii) the need for 
increased opportunities and funds for 
basic research at federal laboratories; 
(iii) greater stability and continuity in 
federal support of basic research at uni- 
versities; (iv) the need for diversity of 
sources of support of basic research in 
the federal government and need for 
basic research in support of develop- 
ment; (v) avoidance, to the extent pos- 
sible, of large classified developmental 
undertakings by the government at col- 
leges and universities; (vi) payment of 
full indirect costs of federally sponsored 
research at universities and colleges; 
(vii) reasons for questioning the ad- 
visability of establishing a Department 
of Science and Technology; (viii) policy 
concerning loyalty of investigators on 
basic research grants. 

Studies in support of policy. As back- 
ground data for its own research pro- 
grams and for policy formulation con- 
cerning the role of the federal govern- 
ment in the support of science, the 
foundation established a _ continuing 
series of studies of the nature and ex- 
tent of the national effort in research 
and development. Comprehensive sur- 
veys are made of the research and de- 
velopment effort of colleges and uni- 
versities and other nonprofit institutions 
and of industry. Initiated for the year 
1953-54, these surveys measure TIe- 
search and development in terms of 
(i) dollars expended, (ii) professional 
personnel employed, and (iii) appor- 
tionment of effort between basic re- 
search, applied research, and develop- 
ment. With 1953-54 as the base year, 
future surveys will afford data to indi- 
cate trends and for other analytical pur- 
poses. These surveys are in addition to 
the foundation’s analyses of the support 
of research and development by federal 
agencies, published annually in Federal 
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Funds for Science. The whole series 
carries out the executive order “to make 
comprehensive studies and recommen- 
dations regarding the Nation’s research 
effort and its resources for scientific 
activities. . . .” 

Questions are sometimes raised con- 
cerning the value of attempting a break- 
down of research. and development ac- 
tivities in this way. The objection is 
made that in the pursuit of specific ob- 
jectives—as, for example, by technical 
industries—the planning and execution 
involve all three categories in close co- 
ordination. Furthermore, individuals 
are often found who can participate 
effectively in all three areas. The latter 
are in much demand as project leaders 
and administrators of government and 
industrial research and development. 

The foundation believes that study of 
these categories is warranted for a 
number of reasons. Leaders in science 
and technology feel generally that more 
basic research could profitably be per- 
formed by government and by industrial 
laboratories. Similarly, scientists and 
educators have questioned the extent to 
which universities should engage in ap- 
plied research and development, out- 
side of certain areas such as engineer- 
ing, medicine, and agriculture. Further- 
more, it is desirable in any intelligent 
planning of science and technology to 
identify students with special aptitudes 
and to insure that such aptitudes are 
properly taken into account in the in- 
dividuals’ career plans. But by far the 
most important consideration is the 
need to emphasize the importance of 
basic research itself. 

Under the increasing pressure to un- 
dertake and perfect critical develop- 
ments in order to attain national or 
economic objectives, the emphasis is 
certain to be on the applications of sci- 
ence, particularly in view of budgetary 
and manpower limitations. Therefore, 
unless a determined effort is made to 
support basic research, developments 
will inevitably be undertaken prema- 
turely, career incentives will gravitate 
strongly toward applied science, and 
opportunities for making major scien- 
tific discoveries will be lost. Unfor- 
tunately, pressures to emphasize new 
developments, wi-hout corresponding 
emphasis upon pure science—that is, 
basic research—tend to degrade the 
quality of the nation’s technology in 
the long run, rather than to improve it. 

Under these circumstances the need 


for study and analysis of the facts is 
obvious. 
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Evaluation of Research Programs 


A problem that matches in com- 
plexity the policy function is that of 
evaluation. The National Science Foun- 
dation Act makes the foundation re- 
sponsible for the evaluation of scientific 
research programs undertaken by agen- 
cies of the federal government and for 
a correlation of the foundation’s sci- 
entific research programs with those un- 
dertaken by individuals and by public 
and private research groups. The foun- 
dation has consistently pointed out, 
however, that it is unrealistic to expect 
one federal agency to render judgment 
on the over-all performance of another 
agency or department. 

The foundation has chosen, instead, 
to approach the problem through close 
liaison and exchange of information 
with other science agencies. The idea is 
to gain a comprehensive idea of the 
federal programs and over-all support 
of fields of science such as physics, 
mathematics, and biology. The adequa- 
cy of federal support in each field may 
thus be considered. This procedure is 
implemented by the general technique 
of basing research support upon selec- 
tion among applications or proposals 
received. By these measures the founda- 
tion has endeavored to identify areas 
that are receiving inadequate support 
or which fequire attention for other 
reasons. 

It was discovered, for example, that 
systematic biology and, more recently, 
inorganic chemistry were being inade- 
quately supported. Word that the foun- 
dation would be receptive to proposals 
in the fields of systematic biology has 
resulted in the rescue of this field from 
comparative neglect, and in all likeli- 
hood the same results will obtain with 
respect to inorganic chemistry. 

Another example will serve to illus- 
trate this point. A few years after the 
close of World War II, both the Office 
of Naval Research and the Atomic 
Energy Commission were providing 
considerable support to research on 
low-temperature physics. When the time 
came that neither agency felt justified 
in continuing its support at the existing 
level, the foundation agreed to take 
over the major support of research in 
low-temperature physics. 


Critical Areas of Science 


A related matter that will call for 
increasing attention on the part of the 


federal government and other sources 
of support for research and develop- 
ment is the question of special emphasis 
on particular areas of science. The issue 
frequently arises in determining critical 
areas or, from another point of view, 
in identifying “gaps.” In all develop- 
mental work, and in the search for 
areas of application, the importance of 
priorities of time and effort is an ac- 
cepted fact. In pure science, the word 
priorities is inappropriate and mislead- 
ing. No field of science can properly be 
said to have priority over other fields, 
as science. However, at a given time, in 
a particular field of science, it is com- 
mon to find special lines of inquiry that 
for the moment are making rapid prog- 
ress or other lines of inquiry that are 
meeting difficulty. These considerations 
can be, and indeed are, taken into ac- 
count both by individual research sci- 
entists and by research agencies con- 
cerned in research support. Thus, at 
any time there may develop what might 
be termed “critical areas” that it is 
currently important to foster. If the 
urgency is great, a conference on the 
subject may be in order, or possibly a 
thorough study undertaken to ascertain 
what special facilities, equipment, or 
training may be needed to encourage 
progress in the field. These are well- 
known techniques, in common use. It 
seems evident that, in years to come, 
increasing attention will be required 
along these lines, since there will un- 
doubtedly be a tendency for groups ‘of 
scientists to present for support plans 
and programs that represent their col- 
lective thinking. Agencies that provide 
support will then have to evaluate. the 
needs of different groups in the light of 
current available information and 
knowledge—and funds. However, the 
existence of special patterns for critical 
areas should not be allowed to alter the 
view that support of research, across all 
fields of science, should be carried on 
on a continuing basis. 


New Mechanisms and Agencies 


The tasks of policy-making, evalua- 
tion, and coordination have been fur- 
ther clarified by the establishment of 
new mechanisms and agencies that did 
not exist at the time Dael Wolfle’s 
article appeared in 1957. 

In the fall of 1958, after the launch- 
ing of the first Russian sputnik, Presi- 
dent Eisenhower called for redoubled 
efforts in science and technology, and 
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steps were taken to strengthen the 
government’s leadership with respect 
both to science and technology and to 
education in the sciences. The position 
of Special Assistant to the President 
for Science and Technology was cre- 
ated. The President’s Science Advisory 
Committee was expanded and strength- 
ened and undertook at once a series of 
studies covering significant aspects of 
the government’s relationships to sci- 
ence, technology, and education. 

The science activities of the Depart- 
ment of State, which had been al- 
lowed to lapse, were revived. A Sci- 
ence Adviser to the Secretary of State 
was appointed, and science attachés 
were again placed in key diplomatic 
posts. 

Finally, in response to recommenda- 
tions of his Science Advisory Commit- 
tee, the President signed an executive 
order, in March 1959, establishing the 
Federal Council for Science and Tech- 
nology, to promote closer cooperation 
among federal agencies in planning 
their research and development pro- 
grams and to recommend ways in 
which the federal government can as- 
sist in advancing and strengthening the 
nation’s scientific efforts as a whole. 
Represented on the council are the 


Departments of Defense, Interior, Agri- 
culture, Commerce, and Health, Edu- 
cation and Welfare; the National Sci- 
ence Foundation; the National Aero- 
nautics and Space Administration; and 
the Atomic Energy Commission. Rep- 
resentatives of the Secretary of State 
and the Director of the Bureau of the 
Budget attend as observers. 

Thus, at the present time we have 
the following pattern: the National 
Science Foundation, with its National 
Science Board, has the primary re- 
sponsibility for dealing with policy con- 
cerning federal support of basic re- 
search throughout the country. The 
Federal Council for Science and Tech- 
nology deliberates on matters of policy 
and program coordination and future 
planning among federal agencies and 
makes recommendations to the Presi- 
dent. The President’s Science Advisory 
Committee, comprising nongovernment 
scientists and engineers, considers im- 
portant scientific and technical matters 
in relation to government policy, with 
special reference to national security. 
The Special Assistant to the President 
for Science and Technology is avail- 
able to the President at all times for 
advice or counsel on a wide range of 
scientific and technical matters. 


Rate of Over-All Growth 


During the first phase of its opera- 
tions the National Science Foundation 
was occupied with its own structure 
and staffing, with the definition of its 
functions and responsibilities, ‘and with 
providing a firm foundation for its two 
major programs: research support and 
education in the sciences. From the be- 
ginning it has also been steadily in- 
volved in policy determination both 
for itself and in terms of federal sup- 
port of science. 

During its first 5 years the founda- 
tion’s appropriation climbed slowly 
from an initial $3.5 million for the 
first year to $16 million for the fifth 
year, fiscal year 1956. In the second 
half of the decade there has been a 
marked upswing in appropriations, 
from $40 million in fiscal year 1957 to 
the current level of $152.773 million 
(see Table 1). 

In connection with the growth of 
appropriations, note should be taken of 
the perspicacity of Congress in en- 
deavoring to strengthen the programs 
in education in the sciences at least 
two years before launching of the Rus- 
sian sputnik. In the summer of 1955 
the foundation published a National 


Table 1. Total appropriations and obligations of the National Science Foundation for fiscal years 1952-60 (to the nearest thousand dollars). 











Field 1952 1953 1954 1955 1956 1957 1958 1959 1960 
Appropriations (thousands) 
3,500 4,750 8,000 12,250 16,000 40,000 49,750  136,000* 154,773* 
Obligations (thousands) + 
Development of graduate laboratories 2,000 
Biological and medical sciences 
Basic research 736 831 1,966 3,612 4,793 7,361 8,540 19,805 24,405 
Research facilities 125 885 987 3,270 2,000 
Math., phys., and engineering sciences 
Basic research 311 983 2,033 4,244 4,700 7,619 9,536 22,985 33,489 
Research facilities 
University computing facilities 200 1,500 1,500 
Major engineering-physics facilities 500 450 2,000 2,000 
Oceanographic research vessel 3,000 
Atmospheric sciences 500 
National Radioastronomy Observatory 104 147 3,431 1,587 4,419 922 
Kitt Peak National Observatory 50 250 545 3,100 4,391 3,749 
Other 67t 
Social sciences 
Basic research 289 554 853 1,925 
Special international programs 
Antarctic research 446 2,306 7,248 
Office of special studies 
Surveys and report 130 42 310 349 97 47 222 230 367 
Office of Scientific Information Service 
Distribution of scientific information 87 119 174 303 395 905 1,938 3,848 5,392 
Scientific personnel and education 
Training of scientific manpower 1,644 1,477 2,120 2,297 3,718 14,698 19,414 62,070 64,477 
Operating costs 531 972 1,351 1,528 1,764 2351 2,933 5,261 6,188 
Total obligations 3,766 4,424 7,954 12,486 15,989 38,630 49,973 132,940 





* Includes a $2 million appropriation transfer from AEC for nuclear research reactors. + 1960 
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159,162 





obligations estimated. + Feasibility study for astrograph. 
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Research Council study, Soviet Pro- Table pa Comparison of research proposals considered and supported in the biological and 
fessional Manpower, which drew sober- T=tial_seieners: mathematical, physical. and engineering. sciences; and. social’ sciences 
era- ing comparisons between the rates 

tion at which the United States and the Fiscal Proposals for research grants ($) Percentage ¥: amount of Av. life 
ture Soviet Union were training scientists year Gociiiced Saeuoes r of eat grants awarded __ of grant 

: 5 ($) (yr) 

its and technical manpower. Largely as a 
with result of these findings Congress mark- 1952 13,300,000 1,074,000 8.0 11,156 1.9 

tee edly increased the foundation’s funds 1953 17,478,000 1,813,000 10.4 10,540 1.9 

oil for education in the sciences. The total sane Ferner Ryne re ae a 
-be- | appropriation for fiscal year 1957, $40 1956 54,133,000 9'493,000 17.5 13,641 2.1 

iat million, was more than double that for pl aoe ae = — = 

both ee ee ie 1959 179,671,000 43,644,000 24.3 25,900 23 
sup. | During the 10-year period since it 1960 221,118,000 57,819,000 26.1 30,500 2.3 

was established, the foundation has — 

nds successively outgrown three locations 
owly in Washington: a private residence ioe We 

the (901 16th Street, NW), a former radio and optical telescopes is too great Closely related to the facilities pro- 

fifth school (2144 California Street), and to be met from such local resources or gram is the recent Graduate Laboratory 
cons the old Cosmos Club at H Street and even from the combined resources of | Development Program, under which the 

‘at Madison Place. Its present headquar- several institutions. The report con- foundation provides funds on a match- 
joni: ters, 1951 Constitution Avenue, became cluded that if American science were ing basis for the modernization and 
[7 to overcrowded almost as soon as the to advance at a satisfactory rate, federal equipment of research laboratories. 
iNlide foundation moved in. Additional space support of needed facilities would have Studies of the situation indicate that the 

has recently been acquired at 528 23rd __to be provided. graduate-level research laboratories of 
na Street, NW, and it is expected that In embarking upon a program in_ the nation’s universities are obsolescent 
—* further expansion will be necessary. support of facilities, the foundation has to a degree that is detrimental to the 
-€. recognized that each case must be national basic research effort. The finan- 
wail judged on its individual merits. It is cial straits in which most of our insti- 
‘eae Support of Research Facilities difficult to establish criteria that would tutions of higher learning find them- 

Rus be applicable in all cases. Factors taken selves make it impossible for them to 
1955 With increased appropriations, the into consideration include the urgency provide modern, well-equipped labora- 
soail foundation has been able to expand its of the need, the national significance tories entirely out of their own funds. 

activities in areas that have long needed of the development, the availability of This program was initiated in a 

attention and for which it had previ- adequate personnel, and the degree and modest way in fiscal year 1960, in the 

ously lacked funds. One of the first character of local backing. Recipient amount of $2 million. The budget for 
lars). areas to claim its attention was the institutions are encouraged to partici- fiscal year 1961 provides for a sub- 
ae need for basic research facilities. In pate financially to the extent possible. stantial increase in the support ‘evel 
| Tesponse to a request from the Bureau The foundation has also recognized for this area. 

of the Budget in 1956, the foundation that in some situations the federal gov- 
4,773" undertook a study of the subject and ernment must continue to supply funds 

published its findings in a report of for operation and maintenance, in addi- Research Support 

oni June 1957, Federal Support of Physical tion to funds for construction. 

; Facilities and Major Equipment for the The foundation is presently support- The increases in the foundation’s ap- 
14,405 Conduct of Scientific Research. The ing two major facilities in astronomy, propriation are reflected in the research 
2,000 study pointed out that basic research the National Radio Astronomy Observ- support program in several ways. First, 
53,489 today increasingly requires the use of atory at Green Bank, West Virginia, and most obvious, is the growth in 

: large, complex, and expensive research and the Kitt Peak National Observatory the total number of grants awarded, 
1,500 tools. Although government expendi- ~ at Tucson, Arizona. Both of these proj- growth in the percentage of proposals 
cal tures for research facilities since World ects were undertaken only after in- supported, and increases in the amount 

500 War II have run into the hundreds of tensive studies by astronomers extend- and duration of the average grant (see 
an millions of dollars, for the most part ing over a period of several years. Table 2). In fiscal year 1952 the 

: these have been committed to practical Determination of the types of facilities foundation was supporting 8 percent of 

research and hence have been available and instruments needed was followed all proposals received, for a total of 

1,925 only to a small degree for purposes of in each case by exhaustive search for $1.074 million. In the current fiscal 
a basic research. suitable sites. year, support is provided for 26 per- 

: Traditionally, universities and other Other facilities being supported by cent of the proposals received, for a 

367 private research organizations have pro- the foundation include biological field total value of $57.819 million. In 1953, 

vided needed research tools from their stations, construction of an ocean- the average grant was $10,300, for an 

5,392 own funds or from funds available from ographic research vessel, university average period of 1.9 years. In 1960, 
cual state or local sources. Now, however, computing facilities, university nuclear the average grant was $30,500, for an 
6,188 the need for such major equipment as research equipment, and facilities average period of 2.3 years. These fig- 
59,162 Nuclear reactors, high-energy particle needed to expand research in the atmos- ures indicate that the foundation, with 
— accelerators, high-speed computers, and _pheric sciences. its increased funds, is able to support 
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individual projects more fully than be- 
fore and that greater stability in sup- 
port is being achieved through a grad- 
ual increase in the life of the average 
grant. It should be noted, however, 
that if the funds available for the sup- 
port of research have risen, so too has 
the demand. To date, the foundation 
has not been able to support more than 
one-third of all the meritorious pro- 
posals received. 

Up to the present, support for basic 
research has been divided approxi- 
mately equally between the mathe- 
matical, physical, and engineering sci- 
ences and the biological and medical 
sciences, but beginning with 1960, the 
balance is weighted somewhat on the 
side of the physical sciences. 

Support for basic research in the 
social sciences, initially divided be- 
tween the two natural science divisions, 
began at a very modest, experimental 
level below $50,000. In 1958, the pro- 
gram was given the status of a separate 
program, and support was at the level 
of $725,000. At the end of 1958, the 
National Science Board approved the 
establishment of an Office of Social 
Sciences, and in the current year sup- 
port has risen to $1.6 million. Only 
those projects are supported that are 
susceptible to scientific approach and 
that are truly fundamental in character. 

Thus, the foundation is prepared to 
support research of this type in such 
fields as archeology, economics, phi- 
losophy of science, linguistics, social 
anthropology, demography, history of 
science, and social psychology. 

Methods of research support. The 
general pattern under which federal 
agencies support research at. institu- 
tions outside the federal government, 
particularly universities, originated 
with the Office of Scientific Research 
and Development during the war and 
provided the means whereby the fed- 
eral government could benefit from im- 
portant research carried on outside its 
own laboratories. The principle was 
developed and expanded by the Office 
of Naval Research and the National 
Institutes of Health after the war and 
adopted by other agencies, such as the 
Army, Air Force, and Atomic Energy 
Commission. 

Briefly, the method is this: The gov- 
ernment encourages or invites research 
proposals from individuals or groups of 
scientists, submitted through their in- 
stitutions. With the help of individual 
reviewers in the field involved and of 
advisory panels appointed by the agency 
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for this purpose, the federal agency 
selects for support those that are judged 
to have the greatest scientific merit. 
The foundation also has statutory divi- 
sional committees for over-all review 
of programs in the three major areas 
of life sciences, physical sciences, and 
scientific personnel and education, and 
a recently appointed committee to 
operate in similar fashion for the social 
sciences. 

Incidentally, the foundation’s effi- 
ciency in acting upon grants has been 
considerably enhanced by the congres- 
sional action last year in amending the 
National Science Foundation Act to 
permit the Board to delegate authority 
to the director and its executive com- 
mittee to approve grants and contracts 
in certain situations. The delegation of 
authority has since been implemented 
by Board action. 

The so-called “project method” of 
research support has a number of ad- 
vantages. Properly interpreted, the 
plan is flexible and may be applied to 
narrowly defined problems in science 
or to broad areas. It enables the gov- 
ernment to move in freely with the 
support needed for promising and sig- 
nificant undertakings of current inter- 
est. It provides for a national program 
in the sciences, utilizes the advice of 
the scientists in each field, and is based 
upon the significance and merit of the 
research proposed and the compctence 
of the investigators. Since each grant 
and contract requires the official in- 
dorsement of the investigator’s institu- 
tion, the plan has evolved with the 
concurrence of the nation’s universities 
and has had a most important indirect 
effect in helping to strengthen such 
institutions. In fact, such aid has often 
been of critical importance, particu- 
larly for the smaller schools. 

The chief drawbacks of this method 
of research support are its failure thus 
far to provide full indirect costs and 
the difficulties it creates in departmental 
administration. It has also been criti- 
cized on the grounds that the review- 
ing process is slow and that the re- 
sulting program is too conservative. 

In reply to these criticisms it can 
only be said that the slowness of the 
process is the price one pays for oper- 
ating on the basis of consultation and 
advice, rather than “master-minding” 
the system from Washington. Probably 
it is offset by the great advantage of 
having the nation’s scientific research 
and development problems widely un- 
derstood by scientists as they partici- 


pate in the solution of these problems. 
If the final results are conservative, it 
is because groups in general tend to 
become conservative; but each agency, 
including the foundation, is responsible 
for guarding against the conservatism 
that is apt to result from too much 
committee advice. 4 

Breadth in project support. With the 
increased sums available to it for sup- 
port purposes, the foundation is now 
able to make more grants of the 
broader type, often cutting across two 
or more departments of a university. 

Some of the recent grants in this 
category may be of interest. A $700,000 
grant awarded to the University of 
Pennsylvania will further research being 
conducted by Britton Chance, director 
of the Johnson Foundation for Medical 
Physics, which applies concepts of 
chemistry and physics to the biological 
problem of regulation of metabolism 
within the cell. 

A study of the slave-making be- 
havior of ants and its populational 
consequences is one part of a broad 
program of “Thesis Research in Popu- 
lation Ecology” being directed by 
Thomas Park of the Department of 
Zoology of the: University of Chicago. 
The foundation will contribute support 
to the extent of $46,700 for the 3-year 
period. 

Scientists at the Massachusetts In- 
stitute of Technology will undertake a 
concerted attack upon the problem of 
the production and nature of plasmas. 
Included are studies on gaseous elec- 
tronics, processes, plasma statics, mag- 
netohydrodynamics of compressible and 
incompressible fluids, ionospheric phys- 
ics, and some branches of astrophysics. 
This program, which is under the direc- 
tion of William P. Allis, is being sup- 
ported by the foundation with a 3-year 
grant in the amount of $932,000. 

In the field of solid-state physics, 
Massachusetts Institute of Technology 
has undertaken a large interdisciplinary 
program centered about a better under- 
standing of the nature of low-tempera- 
ture phase transitions. Several depart- 
ments will participate in this project, 
which is being supported by the foun- 
dation at a level of approximately 
$400,000 for a 2-year period. 

Two major projects in atmospheric 
physics will operate on similar lines. At 
Harvard the foundation is supporting 
a program of atmospheric studies in 
the general area of physics, applied 
physics, and applied mathematics. The 
purpose of the program is to build a 
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Table 3. Distribution of funds for education in the sciences by major program for the 


period 1952-60, inclusive. 








Bit Percentage 
Major program (31 eoitien) of total 

obligations 
Institutes 89.8 51.2 
Fellowships 43.3 24.9 
Special projects in science education 21.2 12.1 
Course content improvement 13.5 7.7 
Scientific manpower 3.0 1.7 
Other obligations 4.6 2.6 
Total obligations (1952-60) 175.4 100.0 





small, competent group of workers to 
engage in aspects of atmospheric study 
that can be advantageously treated by 
deductive scientific methods. The ulti- 
mate hope is that students trained in 
the disciplines of physical science will 
regularly enter the field. The work is 
under the direction of Richard M. 
Goody and is being supported by the 
foundation for a 3-year period at the 
level of $172,000. At the University of 
Chicago advantage is being taken of 
the presence of a group of cloud 
physicists to establish a program of 
cloud-physics research dealing with the 
water resources of clouds. The research 
covers all the factors believed to be 
important in precipitation mechanisms. 
The foundation grant for this program 
is $383,700 for a 3-year period. 
Institutional grants for research. The 
fact that federal agencies have based 
their support of research at educational 
institutions on the principle of grant or 
contract for a particular research proj- 
ect judged primarily on its scientific 
merits has led to an increasing lack 
of flexibility among university science 
departments in the planning and ad- 
ministration of their own research. As 
an experimental approach toward a 
solution of this problem, the foundation 
is planning to initiate institutional 


grants to aid institutions in fulfilling 


their responsibilities for developing and 
maintaining sound, well-balanced pro- 
grams of scientific research and re- 
search-training activities without pre- 
cisely specifying what activities are to 
be undertaken with the funds. The 
amount of such grants allowable to a 
particular institution fora given year 
will be 5 percent of the payments to 
that institution through basic research 
grants from the foundation during the 
preceding year. Such institutional grants 
would be made on request and without 
requiring a prior statement regarding 
the use of the funds by the institution. 
A report on how the funds were used, 
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however, would be requested. The pro- 
portion of research funds distributed by 
the foundation for research purposes 
among all types of institutions will not 
be changed by this plan; the plan is 
designed to allow each institution to ex- 
ercise a greater degree of initiative with 
respect to its needs in scientific activi- 
ties. 


Programs for Education in the Sciences 


Between the time of passage of the 
National Science Foundation Act of 
1950 and the end of fiscal year 1960 
the foundation’s Division of Scientific 
Personnel and Education will have ob- 
ligated an estimated $175 million for 
the support and administration of pro- 
grams directly related to the improve- 
ment of education in the sciences. 

These programs have been directed 
toward the solution of problems in the 
following four broad categories: (i) 
support of students of science, mathe- 
matics, and engineering, including sup- 
port of students at graduate levels and 
above, and support of programs for 
students at the undergraduate level 
and below; (ii) aid to teachers of sci- 
ence, mathematics, and engineering, in- 
cluding teachers of science and mathe- 
matics at the secondary school level and 
below and teachers of science, mathe- 
matics, and engineering at the college 
level and above; (iii) the content of 
science courses; and (iv) public under- 
standing of science. 

Approximately half of the available 
funds has been used for the training 
of secondary school teachers of science 
and mathematics. The next largest 
share—about one-fifth of the total— 
has been used in programs for the train- 
ing of students at the graduate level 
and above, primarily in the fellowship 
programs. About one-fourth of the 
funds has been used in programs for 
students at the undergraduate level and 


below, for course content improve- 
ment, and for the training of college 
teachers. 

The primary objective, toward which 
all the program activities in science 
education are directed, is to insure an 
adequate supply of competent scien- 
tists and engineers by maintaining a 
high level of excellence in science edu- 
cation in the face of expanding enroll- 
ments, rapid changes in science itself, 
and the growing need for the products 
of scientific research and development. 
The demands upon the educational 
system have been growing faster than’ 
they can be met through the traditional 
processes. Extraordinary methods, there- 
fore, have had to be developed to 
assist the educational system in the 
solution of its problems. 

In developing its various programs 
in education in the sciences, the foun- 
dation has been guided by certain 
broad principles. Its first responsibility 
has been to work with the ablest 
people concerned with improving 
education in the sciences in defin- 
ing problems to be solved and in 
seeking solutions to these problems. 
All decisions with respect both to broad 
programs and to specific grants are 
made on the basis of continuous con- 
sultation with members of the scientific 
and educational community. The foun- 
dation is concerned with the substance 
of science, mathematics, and engineer- 
ing, and its programs are designed to 
encourage the leading scholars in these 
fields to take an active part in seeking 
solutions to problems which bear on 
the improvement of subject-matter in- 
struction. The foundation has had con- 
stantly before it the accepted American 
principle of local control of education 
and has observed this principle in its 
operations. Other federal agencies, 
universities, private foundations, and 
industrial organizations are also con- 
cerned with education in the sciences 
and are working toward the same goal. 
It is our hope and objective that the 
activities of these several groups may 
supplement each other in a construc- 
tive way. 

Let us consider briefly the principal 
foundation programs under the Division 
of Scientific Personnel and Education. 
These include fellowships, institutes, 
special projects in science education, 
public understanding of science, course 
content improvement, and _ scientific 
manpower. 

The fellowship program. The fellow- 
ship program is the oldest support pro- 
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Foundation for the 140-foot telescope at the National Radio Astronomy Observatory, 


Green Bank, West Virginia. 


gram of the foundation. It was inaugu- 
rated in 1952 by the predoctoral and 
regular postdoctoral programs with a 
budget of $1.4 million—almost half the 
foundation’s appropriation for that 
year. As new needs have become ap- 
parent, additional programs have been 
added: in 1956, the senior postdoctoral 
program; in 1957, the science faculty 
program; in 1959, the cooperative grad- 
uate, teaching assistants, and secondary 
school teachers programs. By the end 
of fiscal year 1960, approximately $43 
million will have been used for support 
of graduate students and advanced 
scholars through these seven fellowship 
programs. After awards have been made 
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for 1960, an approximate total of 13,- 
000 graduate students and advanced 
scholars in science, mathematics, and 
engineering will have received awards, 
from among about 50,000 applications. 

It should be noted, also, that the high 
standards of selection for foundation 
fellowships have resulted in wide-spread 
interest in the applicants, with the re- 
sult that many of the unsuccessful ap- 
plicants for foundation fellowships have 
received awards from other sources. 
This is particularly true in the case of 
applicants included in the honorable 
mention lists published by the founda- 
tion each year. 

The institutes 


The _insti- 


programs. 








Artist’s conception of the oceanographic research vessel to be built for the Woods 
Hole Oceanographic Institution under a $3 million grant from the National Science 


Foundation. 
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tutes programs were inaugurated in 
1953 with two experimental projects 
for college teachers—one in mathe- 
matics at the University of Colorado 
and one in physics at the University of 
Minnesota. In 1954 the experiment was 
broadened somewhat to include high 
school teachers. In 1956 the a¢ademic- 
year institutes program for high school 
teachers started with two institutes— 
one at Oklahoma Agricultural and 
Mechanical College and one at the 
University of Wisconsin; and in 1959 
a similarly limited and experimental 
program was started for college teach- 
ers. The in-service institutes were in- 
augurated in 1957 for high school 
teachers and in 1959 for elementary 
school teachers. 

During this over-all period there has 
been rapid growth in the funds avail- 
able for the institutes and subsequently 
in the number of institutes that could 
be provided. Because of the special 
interest of Congress in improvement 
opportunities for high school teachers 
of science and mathematics, in recent 
years a substantial percentage of the 
funds available for education in the sci- 
ences has been devoted to the institutes 
programs. The high point was in 1957, 
when the institutes accounted for 65.6 
percent of the total program. With the 
large general increase in appropriations 
and the adjustment of program support, 
however, the share of total funds for 
institutes has declined currently to 51 
percent, which brings it more nearly 
in balance with other programs. By 
the close of 1960 some 72,000 teachers 
will have participated in these programs. 

It is still much too early to be able 
to make a valid assessment of these 
programs, but it is cause for some 
satisfaction that through this means 
a significant proportion of the secondary 
school teachers of science and mathe- 
matics will have had some opportunity 
to become informed about current 
trends in their fields, as well as an 
opportunity to become acquainted with 
new laboratory methods. 

A fundamental and long-range prob- 
lem, of course, is that of providing more 
adequate original training for such 
teachers. Clearly, we cannot expect to 
continue indefinitely “retraining” teach- 
ers whose preparatory training has been 
inadequate. This, however, is a problem 
that lies outside the foundation’s pur- 
view and brings us back once more to 
the principle of local control of educa- 
tion; it is at the local level that the 
problem must be faced. 
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Special projects in science education. 
Programs included in this category are 


grouped generally as follows: (i) pro- 


grams directed toward secondary school 
students; (ii) college programs and 
teacher-improvement programs; and 
(iii) public understanding of science. 

Programs in the first category are 
designed to supplement the secondary 
school students’ classroom training in 
science by providing visiting scientists, 
state academies of science, and summer 
training for students of special ability 
and aptitude. The program also makes 
available science materials, through the 
media of the traveling science libraries, 
and traveling science demonstration 
lectures. It supports cooperative college- 
school programs and school science 
clubs. 

Under college and teacher-improve- 
ment programs, opportunities are pro- 
vided for undergraduate students in 
science, mathematics, and engineering 
to obtain experience in research labora- 
tories, through the undergraduate sci- 
ence education program. Students in 
small colleges are brought into contact 
with eminent scholars from other in- 
stitutions through the visiting scientists 
program. To assist teachers, various 
experimental activities have been de- 
signed, such as conferences and special 
academic-year programs and the pro- 
gram for research participation. 

From a small beginning of $20,000 
in 1953, support for the special pro- 
jects rose slowly to something over 
$8.5 million in 1959 and more than 
$10 million in 1960. Increased support 
is based upon the expansion of old 
programs that have proved their worth 
and the apparent success of some of 
the new ones launched last year. 

Public understanding of _ science. 
Progress in science depends to a con- 
siderable extent on public understand- 
ing and support of a sustained program 
of science education and research. At 
the present time, science is generally 
mistakenly identified in the public mind 
with the results of applied research and 
technology—spectacular developments 
such as space vehicles and weapons 
systems; with the applications of re- 
search to the cure of disease; and with 
the bewildering array of modern 
machines and gadgets that are adver- 
tised on every side. 

There is inadequate understanding 
of the role of basic research and its 
fundamental relationship to progress in 
engineering and technology. 

The foundation has broadly con- 
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An interesting technique for studying the physiology of insect feeding, in a research 


project in the biological sciences, supported by the National Science Foundation. The 
turntable is used to “fly” flies to exhaustion in order to deplete the carbohydrate 
reserves. The flies are then fed a highly stimulating but nonnutritional sugar to test 


their hunger reactions. 


strued “education in the sciences” to 
include, also, education of the public. 
The increasing significance of science 
and technology in relation to public 
policy, both national and international, 
has made it urgent that the level of 
scientific literacy on the part of the 
general public be markedly raised. In 
order to participate fully in the demo- 
cratic process through intelligent vot- 
ing, citizens must have at least a gen- 
eral knowledge and understanding of 
the nature of science and its implica- 
tions for the national defense and 
welfare. 

This is a relatively new area, and 
there is little experience to guide us 
in the choice and methods and tech- 
niques that will serve the purpose. To 
date, the foundation has supported a 
limited number of conferences and in- 
stitutes in which scientists and science 
writers have been brought together for 
the purpose of discussing the prob- 
lems of communicating science to the 
layman. It is planned to expand these 
efforts and to enlist the support and 
advice of influential editors of the gen- 
eral-information media as well as the 
aid of the scientific community and 
such organizations as the AAAS and 
the professional scientific societies. The 
program was initiated in 1959 with a 
budget of $5000, but as much as 


$200,000 may be expended for these 
purposes by the end of 1960. 

Course content improvement. Com- 
parable in importance to the need for 
aid to students and to teachers of 
science is the need for improvements 
in curriculums and course content. As 
a result of early studies of the sub- 
ject, the dimensions of the problem 
began to emerge. Science must not be 
poorly taught at any level or in any 
field. Attention must therefore be given 
to the content of science and mathe- 
matics courses, from the elementary 
courses in general science through 
graduate courses in highly specialized 
fields. 

The foundation has approached this 
problem in a number of ways. Sup- 
port has been given to relatively small 
projects in limited areas where useful 
results can be anticipated. For ex- 
ample, the American Meteorological 
Society has been awarded a grant to 
enable its editorial board to prepare a 
series of monographs on such subjects 
as “The Earth and the Sun,” “High 
Atmosphere,” “Climate and Man,” 
“Oceans and Air Currents,” and other 
subjects designed to interest high school 
and college students in the field of 
meteorology. 

At the other end of the scale, a high 
level of support has been given out- 
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standing investigators to enable them to 
attack a major problem in force. The 
work done by the Physical Sciences 
Study Committee at Massachusetts In- 
stitute of Technology is an example. 
This project, which was initiated in 
November 1956, has produced an en- 
tirely new approach to the teaching of 
physics, with a new syllabus, new text- 
books, and a’ wide variety of new 
teaching aids and new methods and 
techniques of demonstration. The 
course was tried out experimentally in 
the 1957-58 school year, with eight 
teachers presenting the entire course. 
The number of teachers using the 
course has increased in each succeed- 
ing year, and special summer institutes 
supported by the foundation have 
trained teachers in its use. In Septem- 
ber of 1960 the materials developed 
by the committee will be made avail- 
able to all interested schools through 
Educational Services, Inc., of Water- 
town, Massachusetts, a nonprofit or- 
ganization founded in September 1958. 

The success of the course revision 
work in physics prompted a similar 


large-scale effort in mathematics, 
guided by the School Mathematics 
Study Group, operating with head- 


quarters at Yale University. The chem- 
istry curriculum is being worked on 
by two groups, the Chemical Bond 
Approach Committee at Earlham Col- 
lege and the Chemical Educational 
Materials Study at Harvey Mudd Col- 
lege. The Biological Sciences Curricu- 
lum Study has its headquarters at the 
University of Colorado. 

Here again we have the pattern of 
an experimental beginning of only a 
few thousands of dollars up until 1957- 
58 (when the figures climbed above 
the half-million mark) and a continu- 
ing increase to the current year, in 
which it has seemed wise to invest 
$6 million in these programs. 

The comprehensive review and re- 
vision of the four major science 
courses—physics, mathematics, chem- 
istiy, and biology—is unquestionably 
one of the most significant develop- 
ments in the teaching of science in 
this country. Courses that are out of 
date by as much as 30 to 40 years are 
being brought abreast of modern de- 
velopments. In the process of working 
together on this task, university scien- 
tists and secondary school teachers and 
administrators have come to see each 
other’s problems and points of view 
as they could have in no other way. 
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Scientific Manpower Program 


Responsibility for the operation and 
maintenance of the National Register 
of Scientific and Technical Personnel 
was transferred to the National Sci- 
ence Foundation by the foundation’s 
enabling legislation. The register pro- 
vides records of location and of train- 
ing, scientific specializations, and other 
qualifications of approximately 185,000 
selected scientists and engineers and is 
designed to insure that timely infor- 
mation is available, in case of need, 
on the numbers and characteristics of 
scientists and other technically trained 
persons in the United States. The 
foundation’s scientific manpower sec- 
tion is also engaged in continuing 
studies designed to provide basic data 
on scientific and technical personnel 
generally. This program is currently 
being supported at a level somewhat 
below $1 million. 

Other sources of federal support for 
education. In addition to the programs 
of the National Science Foundation, 
major contributions to science educa- 
tion are made by a number of other 
agencies, including the National Insti- 
tutes of Health, the U.S. Office of 
Education, and the Atomic Energy 
Commission. The National Defense 
Education Act, for example, provides 
significant help under the graduate fel- 
lowship program, the student loan pro- 
gram, and to some extent under titles 
III and VII. 


International Programs in Science 


The scope of the foundation’s inter- 
national activities in science broad- 
ened considerably during the second 
half of the decade. The International 
Geophysical Year marked the first time 
that the foundation had participated 
in international scientific activities on 
a large scale, and it also represented 
the foundation’s first opportunity to 
coordinate a major activity being un- 
dertaken by a number of government 
agencies. The scientific and technical 
program for the United States was de- 
veloped and directed by the U.S. Na- 
tional Committee for the IGY, under 
the National Academy of Sciences. 
At the request of the academy, the 
foundation initiated consideration of 
IGY support by the federal govern- 
ment and, upon affirmative decision, 
secured and administered federal funds 


totaling $43.5 million. The foundation 
also served as coordinator of govern- 
ment interests in the program; these 
involved not only direct participation 
by government agencies but also, quite 
often, matters of broad national 
policy that arise in an international 
program. 

As an aftermath of the IGY, both 
individuals and government agencies 
have been encouraged to carry on re- 
search that extends certain aspects of 
the IGY work. Under the general label 
of International Geophysical Coopera- 
tion, the program is being coordinated 
at the international level by the Comité 
International Géophysique of ICSU. 
This special committee is composed of 
the four unions principally involved: 
the International Union of Geodesy 
and Geophysics, the International 
Scientific Radio Union, the Interna- 
tional Union of Astronomers, and the 
International Union of Pure and Ap- 
plied Physics. So far as administration 
is concerned, the IGC is not a “pack- 
age program.” Instead, the foundation 
accepts proposals in areas where co- 
ordinated global research is of special 
importance, and these are then ap- 
praised as part of the regular program 
of research grants. 

Antarctic research. A major out- 
growth of the IGY has been the con- 
tinuing research programs in_ the 
Antarctic being carried on by the 12 
nations who participated in the IGY 
antarctic program. General scientific 
recommendations for the area are 
made by the Special Committee on 
Antarctic Research (SCAR) of ICSU. 
The United States program is being 
developed, funded, and coordinated by 
the National Science Foundation. The 
latter looks primarily to the Commit- 
tee on Polar Research of the National 
Academy of Sciences for program 
recommendations, and the foundation 
also considers proposals from qualified 
scientists interested in carrying out 
such research. The foundation works 
with the Interdepartmental Committee 
on the Antarctic to coordinate the re- 
search activities of other agencies, such 
as the National Bureau of Standards, 
the Weather Bureau, and the Geologi- 
cal Survey, and provides them with 
funds for their participation in antarc- 
tic research. Grants are also made to 
universities and various interested re- 
search organizations to complete the 
program of scientific activities in the 
Antarctic. To date, Congress has ap- 
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propriated $10 million for the post- 
IGY program in the Antarctic. 

The Navy, which has from the be- 
ginning provided all logistic support 
for antarctic research, continues to do 
so with distinction under the new pro- 
gram and is in command of operations 
in the area. The cost of this logistic 
support is, of course, considerably 
greater than the cost of the actual 
scientific program. 

International science education. Be- 
ginning in 1959, the foundation under- 
took a modest program designed to 
foster international cooperation and 
improve communications among na- 
tions with respect to problems of science 
education and scientific manpower. Ap- 
propriate professional groups in the 
various disciplines were given support 
for a study and evaluation of science 
subject matter offered in foreign edu- 
cational systems, with the objective of 
improving science curriculums in this 
country. Distinguished foreign scholars 
were brought here to visit the various 
institutes sponsored by the foundation. 
Advanced students and scientists have 
received foundation support to permit 
them to participate in international 
educational programs. For example, a 
grant was made to the University of 
Uppsala, Sweden, for American par- 
ticipation in an international summer 
institute in quantum chemistry. 

These various small programs have 
furnished experience that will guide 
us in the development and enlargement 
of future programs in_ international 
science education. 

Other international scientific activi- 
ties. Amendments to the National Sci- 
ence Foundation Act which were passed 
by Congress last year permit the foun- 
dation to cooperate in international 
scientific activities, whereas previously 


it was limited to research activities. The- 


amendments also permit the founda- 
tion, with the approval of the Secre- 
tary of State, to grant fellowships or 
make other arrangements with foreign 
nationals for scientific study or scien- 
tific work in the United States. Under 
its existing and extended authority, and 
with the concurrence of the Secretary 
of State, the foundation plans to expand 
its international activities on a modest 
scale. 

The foundation hopes to place, later 
on, appropriately qualified persons at 
Overseas locations to carry out short- 
term studies in limited areas of science 
that are of interest and importance to 
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A 45,000-year-old skull uncovered during the excavation of Shanidar Cave in northern 
Iraq by an archeological expedition sponsored by the Smithsonian Institution and 
partially supported by the National Science Foundation. The skull is*that of an adult 
Neanderthal man. The cranium had been struck by stones and displaced at the time 
of accidental death. The neck vertebrae are in the original position. 


both the United States and the foreign 
country. Eventually, it is hoped, quali- 
fied persons can be placed overseas for 
longer periods for the purpose of con- 
ducting and maintaining continuous 
contact with the scientific communities 
of other countries. 

As funds are made available, it may 
be possible, also, to afford greater sup- 
port to certain appropriate types of 
research and research facilities abroad. 


Science Information 


The scope and importance of the 
scientific information problem is some- 
thing of which the foundation has been 
aware since the beginning. Early at- 
tempts were made to study certain 
aspects of the problem, and, with the 
extremely limited funds available, sup- 
port was given to small projects directed 
toward this end. This was increased as 
the over-all appropriation grew, but a 
really major effort in the field of sci- 
entific information was made possible 
by almost simultaneous action by the 
Executive and Legislative branches of 
government. 

In December 1958 the White House 
released a special report of the Presi- 
dent’s Science Advisory Committee on 
“Improving the Availability of Scien- 
tific and Technical Information in the 
United States.” After emphasizing the 


importance of the problem, the Presi- 
dent’s Committee recommended that 
the National Science Foundation ex- 
pand its scientific information program 
to strengthen and coordinate existing 
governmental and private efforts in this 
field. This recommendation was later 
implemented by Executive Order No. 
10807 of 13 March 1959. The Na- 
tional Defense Education Act of 1958, 
under title IX, directed the foundation 
to establish a science information serv- 
ice. The act also provided for the estab- 
lishment of a 19-member Science In- 
formation Council whose members, 
government and nongovernnient, would 
represent a broad range of skills and 
experience in the problems of the com- 
munications needs of scientists. The 
Office of Science Information Service 
was formally established in the founda- 
tion on 11 December 1958, and the 
Science Information Council first met 
in February 1959. 

The program activities of the Office 
of Science Information Service fall 
generally in five categories: (i) storage 
and retrieval systems and mechanical 
translation; (ii) scientific publications; 
(iii) unpublished research information; 
(iv) scientific data and reference cen- 
ters; and (v) foreign science informa- 
tion. Through these several programs 
the foundation seeks to increase the 
dissemination of existing materials by 
helping to provide for prompt publica- 
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A marine biologist currently working in 
Foundation grant sets a wire fish trap at 
Naval Air Facility. This is part of the U.S. 
by the foundation. 


tion of research results, for reference 
aids and information centers of various 
kinds, and for translations of significant 
scientific papers in languages not widely 
understood by American scientists. 

Research on information problems. 
The foundation is supporting a slowly 
growing body of research on new ap- 
proaches to the information problem. 
Most of the research is concerned with 
exploration of ways to use machines 
in information processing tasks, such 
as the organization, storage, and search- 
ing of scientific information and the 
translation of scientific publications 
from foreign languages into English. 
Before machines can process the texts 
of documents, however, for either 
mechanized information searching sys- 
tems or mechanical translation systems, 
more precise knowledge of syntax and 
semantics is needed. Therefore, current 
research activities in these areas are 
extending our understanding of lan- 
guage in the expectation that ultimately 
machines will be able to. handle lin- 
guistic data. 

A Research Information Center and 
Advisory Service on Information Proc- 
essing has been established jointly with 
the National Bureau of Standards, with 
some financial support from the Council 
on Library Resources. The purpose of 
the new center is to bring together re- 
search and development data on meth- 
ods and equipment for.the automatic 
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the Antarctic under a National Science 
the ice edge near the McMurdo Sound 
Antarctic Research Program administered 


processing of scientific information. The 
center will also endeavor to foster 
closer cooperation among the groups 
in industry, the private foundations, the 
universities, the professional societies, 
and the agencies of the federal govern- 
ment that are concerned with develop- 
ing and improving methods for rapid 
and efficient handling of large volumes 
of information. 

In this same area, the foundation is 
issuing regularly two publications de- 
signed to disseminate information on 
the scientific information field and 
foster cooperation among _ research 
workers in that field. Current Research 
and Development in Scientific Docu- 
mentation is issued semiannually as a 
guide to current projects both here and 
abroad, while Non-Conventional Tech- 
nical Information Systems in Current 
Use reports on information systems 
that embody new principles for the 
organization of subject matter or em- 
ploy automatic equipment for storage 
and search. 

In the support of scientific publica- 
tions, temporary or emergency aid is 
given to primary journals and abstract- 
ing and indexing services; also, funds 
are provided for the preparation or 
publication of significant monographs, 
reviews, and reference works that could 
not be made generally available with- 
out subsidy. 

Support of this kind is granted on 


the basis of the needs of the scientific 
community and sound economic plan- 
ning for the publication. 

Among the scientific journals par- 
tially supported by the foundation are 
two new experimental periodicals, 
Physical Review Letters and Wildlife 
Disease. The first is designed,.to pro- 
vide rapid, low-cost publication of 
short, up-to-the-minute articles on phys- 
ics research. The latter is the first 
journal to be published only in micro- 
form. The purpose of this journal is 
to explore author, reader, and librarian 
reaction to microform as a means of 
publishing research results at greatly 
reduced costs. 

The foundation is also seeking to 
make unpublished research information 
more accessible. The principal sources 
of such information are research re- 
ports and memorandums of govern- 
ment and private institutions, theses and 
dissertations, and papers presented at 
scientific conferences. An example of 
foundation activities in this area is the 
recently initiated series of inventories 
of information activities of those federal 
agencies that operate major scientific 
information programs. Four surveys in 
this series, covering the Department of 
Agriculture, the Office of Naval Re- 
search, some programs of the Depart- 
ment of Commerce, and the Govern- 
ment Printing Office, have been pub- 
lished, and others are in various stages 
of preparation. 

Two examples of data and reference 
centers supported by the foundation 
are the Office of Critical Tables (OCT) 
of the National Academy of Sciences 
and the Bio-Sciences Information Ex- 
change (BSIE) of the Smithsonian In- 
stitution. The OCT, wholly supported 
by the foundation, is a coordinating and 
information center on projects engaged 
in developing critical physical data of 
all kinds. The BSIE, supported by the 
foundation and other interested agen- 
cies, functions as a repository of knowl- 
edge on “who is working on what” in 
the biological sciences. 

Plans are now being developed, with 
the aid of the Federal Council on 
Science and Technology, for broaden- 
ing the information exchange at the 
Smithsonian Institution to include the 
physical sciences and possibly, at a 
later date, the social sciences as well. 

Foreign science information. The 
foundation is supporting the cover-to- 
cover translation of 35 key U.S.S.R. 
scientific journals. Support is also being 
given the Midwest Inter-Library Center 
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for the acquisition of approximately 


2300 “hard-to-get” foreign biological 


and chemical journals. 

A series of studies is being made that 
will provide information on the organi- 
zation, characteristics, and generation 
of scientific information in every major 
geographic area of the world. Studies 
currently under way or planned concern 
the Soviet Union, Poland, Japan, In- 
donesia, mainland China, Czechoslo- 
vakia, Yugoslavia, and Hungary. 

The foundation is coordinating a 
program, involving several federal agen- 
cies, whereby foreign currencies ac- 
cruing to the U.S. Government through 
sales of surplus agricultural products 
will be used to support projects abroad 
for translating foreign-language publi- 
cations into English. 

In order to provide an effective 
means of exchanging information 
among groups working in the scientific 
information field, the foundation issues 
a bimonthly bulletin, Science Informa- 
tion Notes. This bulletin reports: na- 
tional and international developments 
and will, it is hoped, assist in promoting 
increased cooperation and coordination 
among scientific information services. 


Conclusion 


In any assessment of the role and 
accomplishments of the foundation 
during its first decade, it is necessary 
to consider the broader question of 
federal policy determination with re- 
spect to research support, research 
facilities, and the development and use 
of scientific manpower. Policy, in turn, 
must be evaluated in terms of (i) the 
general principles to be followed, (ii) 
the organization of the federal govern- 
ment for science and technology, and 
(iii) the effectiveness of the organiza- 
tion and operations in accomplishing 
the desired objectives. Let me sum- 
marize briefly the conclusions dis- 
cussed above with respect to each of 
these points. 

General principles. The first prin- 
ciple in national science policy, as in- 
terpreted by the foundation, is the 
critical importance of basic research 
for progress in science and technology. 
It is only through comprehensive sup- 
port of basic research in all the fields 
of science that one can discover the 
potentialities for application that are 
so important in the competitive tech- 
nology of today. Because basic re- 
search is an essential factor in the ad- 
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vanced training of scientists and 
engineers, and because the university 
is the natural home of basic research, 
it is clear that major attention must 
always be paid to the support of basic 
research in colleges and universities. 

The support of basic research - is 
relatively inexpensive. The significant 
costs of research and development 
arise out of expensive developmental 
programs, such as ballistic missiles, 
especially when these are undertaken 
on a “crash” basis. Since there is 
bound to be an upper limit to the 
amount of money available for science 
and technology, it is obvious that 
needed economies should be effected 
through careful selection of the devel- 
opments to be undertaken. But it is 
false economy to curtail the basic re- 
search that uncovers leads for future 
developments. 

In the support of basic research 
there are three important considera- 
tions: progress of science, development 
of the individual, and strengthening 
and development of the institutions 
where research is done. 

By and large, the federal govern- 
ment has paid the most attention to 
the first two categories. The progress 
of science has been advanced by the 
so-called “research projects” system, 
which permits an individual or a group 
to pursue a scientific problem of its 
own choosing and which permits the 
agencies to support proposals selected 
from those submitted. The government 
has paid considerable attention to the 
development of the individual through 
fellowship and other educational pro- 
grams and through special programs 
to improve science teaching and sci- 
ence courses. 

A national problem to which the 
federal government has paid relatively 
little attention, however, is that of 
support for educational institutions to 
enable them to develop their own 
capabilities in science and engineer- 
ing. Institutions have benefited greatly 
from government support of research 
projects and from awards, such as fel- 
lowships, to individuals, but they have 
received little aid of a sufficiently gen- 
eral type to enable them to carry out 
their own plans for growth in science 
and engineering and to maintain a prop- 
er balance between these activities and 
others in which they engage. The needs 
are great: Graduate research labora- 
tories require modernization in terms 
of buildings, equipment, and space; the 
salary scale in many institutions 


urgently needs adjustment upward; 
there is a great and continuing short- 
age of maintenance and operating 
funds; in the secondary schools the 
salary problem is also acute, and al- 
though progress is being made, much 
still remains to be accomplished. 

The federal government’s policy 
with respect to the problems of the 
institutions is to point out the needs 
and to emphasize the importance of 
satisfying those needs, to the extent 
possible, from state and private sources 
in accordance with American tradi- 
tions. But it is also the responsibility 
of the federal government to exercise 
leadership in meeting this problem. It 
is becoming increasingly clear that the 
inadequacy of the resources available 
to our educational institutions is a na- 
tional problem and one which the fed- 
eral government must help to meet. 
Another problem to which I have re- 
ferred above is the growing need for 
evaluation and handling of competing 
claims in special areas of basic research 
which their supporters feel are critical. 
Atmospheric physics, oceanography, 
meteorology, and seismology are ex- 
amples of areas that in recent years 
have been found to lack adequate sup- 
port, trained personnel, facilities, and 
equipment. Special techniques may be 
required for handling such problem 
areas, but these special problems 
should not obscure the need for com- 
prehensive support of basic research 
in all fields of science. 

Organization of the federal govern- 
ment for greatest progress. In recent 
years there has been extensive discus- 
sion of the adequacy of the federal 
government’s organization for dealing 
with matters of science and technology. 
At the present time, each government 
agency has its own organization for 
research and development. Over-all 
policy recommendations concerning 
the nation’s effort and federal responsi- 
bilities for science in the strict mean- 
ing of the term are vested in the 
foundation and centered in its Presi- 
dentially-appointed National Science 
Board. The President’s Science Advis- 
ory Committee considers critical sci- 
entific and technological matters re- 
lating to the national security and wel- 
fare; the Federal Council for Science 
and Technology is responsible for over- 
all long-range planning and matters 
of coordination in research and de- 
velopment activities among the federal 
agencies; science in foreign affairs is 
represented in the Department of 
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State by the Science Adviser to the 
Secretary; and finally, the Special As- 
sistant to the President for Science and 
Technology makes immediately avail- 
able to the President advice in any of 
those areas bearing upon critical ques- 
tions of policy or action. 

Effectiveness of organization and op- 
erations. In principle, the organization 
thus outlined should be able to deal 
- with most fundamental issues involv- 
ing science and technology with which 
the government is faced. On the record, 
many major issues have been met ef- 
fectively, the cooperation of participat- 
ing scientists has been outstanding, and 
progress along many lines has been 
noteworthy. However, part of this 
structure has not been operating long 
enough to evaluate its effectiveness. 

In the meantime, suggestions have 
been made, especially in Congress, 
for a more radical type of organiza- 
tion—for example, a cabinet depart- 
ment for science and technology. If, 
by this, is meant a department that 
would assume complete responsibility 
for all research and development in 
the federal government, the suggestion 
can surely be dismissed as being com- 
pletely impractical. Over-centraliza- 
tion of science in a department of this 
type would be strenuously opposed by 
all scientists and engineers as hostile to 
their basic philosophy, and by federal 
agencies as usurping their essential 
prerogatives and responsibilities. 

If, on the other hand, the suggested 
department of science and technology 
were intended to provide supervision 
and control over the research and de- 
velopment activities of other federal 
agencies, it would encounter severe ad- 
ministrative difficulties as differences 
of opinion arose between it and the 
individual agencies. Under our form 
of government, no agency can be ex- 
pected to exercise such a role, which 
properly belongs in the White House 
or in the Executive Office of the Presi- 
dent. 

A third suggestion, more limited in 
scope, is that there should be brought 
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together in one department certain 
major research and development ac- 
tivities now operating as part of regu- 
lar departments. Included would be 
such establishments as the United 
States Weather Bureau, the National 
Bureau of Standards, the Hydrographic 
Office, and the Geological Survey. 
Such a consolidation might well ad- 
vance the research and development 
activities of these agencies but would 
leave the problem of what to do with 
their functions as service organiza- 
tions to the departments in which they 
are presently located. It is to be hoped 
that inadequacies in the present situa- 
tion that have given rise to this sug- 
gested plan can be remedied by con- 
structive action of the departments con- 
cerned. 

Admittedly there are problems of 
considerable magnitude to be solved 
in achieving maximum effectiveness in 
the organization and operations of the 
federal government with respect to 
science and technology. However, the 
greatest need at the moment, appears 
to be that of full support for the pres- 
ent organization, which is relatively 
new both in its over-all aspects and in 
the internal organization of individual 
agencies. In the charter for the Fed- 
eral Council on Science and Tech- 
nology, for example, it is provided that 
each member will speak authoritatively 
for his department or agency in matters 
pertaining to science and technology. 
A simple way of carrying out this pro- 
vision would be for each department to 
appoint as its representative an Assist- 
ant Secretary for Research and De- 
velopment, or someone in an equivalent 
position. 

It must be remembered that the 
problem of large-scale government ad- 
ministration of science is recent, dating 
back only to World War II. We have 
had to feel our way into a whole new 
area of policy and operation. Scientists 
and engineers must be ready to accept 
full-time government posts and to ac- 
quire the training and background in 
administration that are essential to this 


new role. The agencies and depart- 
ments, on the other hand, must accept 
the growing importance of science and 
technology and adapt their administra- 
tive structures to meet its needs. The 
problem is one that calls for great 
understanding as well as cooperation 
and good will on all sides. 

A final word. Irrespective of indi- 
vidual opinions as to the manner in 
which the National Science Foundation 
is carrying out its assigned role, it can- 
not be denied that the importance of 
science in national affairs is such as 
to justify the establishment of an 
agency dedicated to the progress of 
basic research and education in the sci- 
ences. Nor will it be denied that the 
federal government should be increas- 
ingly concerned with the progress of 
science and technology, both in its own 
agencies and in the nation at large. 
The current estimated national expendi- 
ture of $12 billion on research and de- 
velopment would bear out this conclu- 
sion, even if more important consid- 
erations were not involved. 

But it is also clear, that the whole 
responsibility cannot and should not 
rest with the federal government. It is 
essential that the citizens of the coun- 
try understand and appreciate the im- 
portance of science and technology in 
all its phases, but especially the im- 
portance of basic rescarch and educa- 
tion. Without the understanding and 
support of the people of the United 
States, the federal government will be 
unable to take proper measures for the 
adequate support of basic research and 
education in science. Individual voters, 
communities, and states must clearly 
recognize their responsibilities. The 
problems inherent in science and tech- 
nology cannot be dismissed on the 
assumption that they can be met by 
the federal government without under- 
standing, support, and local action by 
informed citizens. 
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Consequences of Automation 


As machines learn they may develop unforeseen 
strategies at rates that baffle their programmers. 


Some 13 years ago, a book of mine 
was published by the name of Cyber- 
netics. In it I discussed the problems 
of control and communication in the 
living organism and the machine. I 
made a considerable number of predic- 
tions about the development of con- 
trolled machines and _ about _ the 
corresponding techniques of autom- 
atization, which I foresaw as having 
important consequences affecting the 
society of the future. Now, 13 years 
later, it seems appropriate to take stock 
of the present position with respect to 
both cybernetic technique and the social 
consequences of this technique. 

Before commencing on the detail 
of these matters, I should like to men- 
tion a certain attitude of the man in 
the street toward cybernetics and au- 
tomatization. This attitude needs a 
critical discussion, and in my opinion 
it should be rejected in its entirety. 
This is the assumption that machines 
cannot possess any degree of originali- 
ty. This frequently takes the form of a 
statement that nothing can come out 
of the machine which has not been 
put into it. This is often interpreted as 
asserting that a machine which man 
has made must remain continually sub- 
ject to man, so that its operation is at 
any time open to human interference 
and to a change in policy. On the basis 
of such an attitude, many people have 
pooh-poohed the dangers of machine 
techniques, and they have flatly con- 
tradicted the early predictions of 
Samuel Butler that the machine might 
take over the control of mankind. 

It is true that in the time of Samuel 
Butler the available machines were 
far less hazardous than machines are 
today, for they involved only power, 
not a certain degree of thinking and 
communication. However, the machine 
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techniques of the present day have in- 
vaded the latter fields as well, so that 
the actual machine of today is very 
different from the image that Butler 
held, and we cannot transfer to these 
new devices the assumptions which 
seemed axiomatic a generation ago. I 
find myself facing a public which has 
formed its attitude toward the machine 
on the basis of an imperfect under- 
standing of the structure and mode of 
operation of modern machines. 

It is my thesis that machines can and 
do transcend some of the limitations 
of their designers, and that in doing so 
they may be both effective and danger- 
ous. It may well be that in principle 
we cannot make any machine the 
elements of whose behavior we cannot 
comprehend sooner or later. This does 
not mean in any way that we shall be 
able to comprehend these elements in 
substantially less time than the time 
required for operation of the machine, 
or even within any given number of 
years or generations. 

As is now generally admitted, over 
a limited range of operation, machines 
act far more rapidly than human 
beings and are far more precise in 
performing the details of their opera- 
tions. This being the case, even when 
machines do not in any way transcend 
man’s intelligence, they very well may, 
and often do, transcend man in the 
performance of tasks. An _ intelligent 
understanding of their mode of per- 
formance may be delayed until long 
after the task which they have been 
set has been completed. 

This means that though machines 
are theoretically subject to human 
criticism, such criticism may be in- 
effective until long after it is relevant. 
To be effective in warding off disastrous 
consequences, our understanding of 


our man-made machines should in gen- 
eral develop pari passu with the per- 
formance of the machine. By the very 
slowness of our human actions, our 
effective control of our machines may 
be nullified. By the time we are able 
to react to information conveyed by 
our senses and stop the car we are 
driving, it may already have run head 
on into a wall. 


Game-Playing 


I shall come back to this point later 
in this article. For the present, let, 
me discuss the technique of machines 
for a very specific purpose: that of 
playing games. In this matter I shall 
deal more particularly with the game 
of checkers, for which the Internation- 
al Business Machines Corporation has 
developed very effective game-playing 
machines. 

Let me say once for all that we are 
not concerned here with the machines 
which operate on a perfect closed 
theory of the game they play. The 
game theory of von Neumann and 
Morgenstern may be suggestive as to 
the operation of actual game-playing 
machines, but it does not actually de- 
scribe them. 

In a game as complicated as check- 
ers, if each player tries to choose his 
play in view of the best move his 
opponent can make, against the best 
response he can give, against the best 
response his opponent can give, and so 
on, he will have taken upon himself 
an impossible task. Not only is this 
humanly impossible but there is ac- 
tually no reason to suppose that it is 
the best policy against the opponent 
by whom he is faced, whose limitations 
are equal to his own. 

The von Neumann theory of games 
bears no very close relation to the 
theory by which game-playing ma- 
chines operate. The latter corresponds 
much more closely to the methods of 
play used by expert but limited human 
chess players against other chess 
players. Such players depend on cer- 
tain strategic evaluations, which are 
in essence not complete. While the 
von Neumann type of play is valid 
for games like ticktacktoe, with a com- 
plete theory, the very interest of chess 
and checkers lies in the fact that they 
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do not possess a complete theory. 
Neither do war, nor business competi- 
tion, nor any of the other forms of 
competitive activity in which we are 
really interested. 

In a game like ticktacktoe, with a 
small number of moves, where each 
player is in a position to contemplate 
all possibilities and to establish a de- 
fense against the best possible moves of 
the other player, a complete theory of 
the von Neumann type is valid. In such 
a case, the game must inevitably end 
in a win for the first player, a win for 
the second player, or a draw. 

I question strongly whether this 
concept of the perfect game is a com- 
pletely realistic one in the cases of 
actual, nontrivial games. Great generals 
like Napoleon and great admirals like 
Nelson have proceeded in a different 
manner. They have been aware not 
only of the limitations of their op- 
ponents in such matters as materiel 
and personnel but equally of their 
limitations in experience and in mili- 
tary know-how. It was by a realistic 
appraisal of the relative inexperience 
in naval operations of the continental 
powers as compared with the highly 
developed tactical and strategic com- 
petence of the British fleet that Nelson 
was able to display the boldness which 
pushed the continental forces off the 
seas. This he could not have done had 
he engaged in the long, relatively in- 
decisive, and possibly losing conflict to 
which his assumption of the best pos- 
sible strategy on the part of his enemy 
would have doomed him. 

In assessing not merely the materiel 
and personnel of his enemies but also 
the degree of judgment and the amount 
of skill in tactics and strategy to be 
expected of them, Nelson acted on the 
basis of their record in previous com- 
bats. Similarly, an important factor in 
Napoleon’s conduct of his combat with 
the Austrians in Italy was his knowl- 
edge of the rigidity and mental limita- 
tions of Wiirmser. 

This element of experience should 
receive adequate recognition in any 
realistic theory of games. It is quite 
legitimate for a chess player to play, 
not against an ideal, nonexisting, per- 
fect antagonist, but rather against one 
whose habits he has been able to de- 
termine from the record. Thus, in the 
theory of games, at least two different 
intellectual efforts must be made. One 
is the short-term effort of playing with 
a determined policy for the individual 
game. The other is the examination of 
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a record of many games. This record 
has been set by the player himself, by 
his opponent, or even by players with 
whom he has not personally played. 
In terms of this record, he determines 
the relative advantages of different 
policies as proved over the past. 

There is even a third stage of judg- 
ment required in a chess game. This is 
expressed at least in part by the length 
of the significant past. The develop- 
ment of theory in chess decreases the 
importance of games played at a dif- 
ferent stage of the art. On the other 
hand, an astute chess theoretician may 
estimate in advance that a certain 
policy currently in fashion has become 
of little value, and that it may be best 
to return to earlier modes of play to 
anticipate the change in policy of the 
people whom he is likely to find as 
his opponents. 

Thus, in determining policy in 
chess there are several different levels 
of consideration which correspond in 
a certain way to the different logical 
types of Bertrand Russell. There is the 
level of tactics, the level of strategy, 
the level of the general considerations 
which should have been weighed in 
determining this strategy, the level in 
which the length of the relevant past— 
the past within which these considera- 
tions may be valid—is taken into ac- 
count, and so on. Each new level 
demands a study of a much larger 
past than the previous one. 

I have compared these levels with 
the logical types of Russell concerning 
classes, classes of classes, classes of 
classes of classes, and so on. It may be 
noted that Russell does not consider 
statements involving all types as 
significant. He brings out the futility 
of such questions as that concerning 
the barber who shaves all persons, and 
only those persons, who do not shave 
themselves. Does he shave himself? On 
one type he does, on the next type he 
does not, and so on, indefinitely. All 
such questions involving an infinity of 
types may lead to unsolvable paradoxes. 
Similarly, the search for the best policy 
under all levels of sophistication is a 
futile one and must lead to nothing 
but confusion. 

These considerations arise in the 
determination of policy by machines 
as well as in the determination of 
policy by persons. These are the ques- 
tions which arise in the programming 
of programming. The lowest type of 
game-playing machine plays in terms 
of a certain rigid evaluation of plays. 


Quantities such as the value of pieces 
gained or lost, the command of the 
pieces, their mobility, and so on, can 
be given numerical weights on a cer- 
tain empirical basis, and a weighting 
may be given on this basis to each 
next play conforming to the rules of 
the game. The play with the -greatest 
weight may be chosen. Under these 
circumstances, the play of the machine 
will seem to its antagonist—who can- 
not help but evaluate the chess _per- 
sonality of the machine—a rigid one. 


Learning Machines 


The next step is for the machine 
to take into consideration not merely 
the moves as they occurred in the in- 
dividual game but the record of games 
previously played. On this basis, the 
machine may stop from time to time, 
not to play but to consider what (linear 
or nonlinear) weighting of the factors 
which it has been given to consider 
would correspond best to won games as 
opposed to lost (or drawn) games. 
On this basis, it continues to play with 
a new weighting. Such a machine 
would seem to its human opponent to 
have a far less rigid game personality, 
and tricks which would defeat it at an 
earlier stage may now fail to deceive 
it. 

The present level of these learning 
machines is that they play a fair 
amateur game at chess but that in 
checkers they can show a marked 
superiority to the player who has 
programmed them after from 10 to 
20 playing hours of working and in- 
doctrination. They thus most definite- 
ly escape from the completely effective 
control of the man who. has made 
them. Rigid as the repertory of factors 
may be which they are in a position to 
take into consideration, they do un- 
questionably—and so say those who 
have played with them—show original- 
ity, not merely in their tactics, which 
may be quite unforeseen, but even in 
the detailed weighting of their strategy. 

As I have said, checker-playing ma- 
chines which learn have developed to 
the point at which they can defeat 
the programmer. However, they ap- 
pear still to have one weakness. This 
lies in the end game. Here the ma- 
chines are somewhat clumsy in de- 
termining the best way to give the 
coup de grace. This is due to the fact 
that the existing machines have for 
the most part adopted a program in 
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which the identical strategy is carried 
out at each stage of the game. In view 


of the similarity of values of pieces. 


in checkers, this is quite natural for a 
large part of the play but ceases to 
be perfectly relevant when the board 
is relatively empty and the main prob- 
lem is that of moving into position 
rather than that of direct attack. With- 
in the frame of the methods I have 
described it is quite possible to have a 
second exploration to determine what 
the policy should be after the number 
of pieces of the opponent is so re- 
duced that these new considerations 
become paramount. 

Chess-playing machines have not, so 
far, been brought to the degree of per- 
fection of checker-playing machines, 
although, as I have said, they can most 
certainly play a respectable amateur 
game. Probably the reason for this is 
similar to the reason for their relative 
efficiency in the end game of check- 
ers. In chess, not only is the end game 
quite different in its proper strategy 
from the mid-game but the opening 
game is also. The difference between 
checkers and chess in this respect is 
that the initial play of the pieces in 
checkers is not very different in charac- 
ter from the play which arises in the 
mid-game, while in chess, pieces at the 
beginning have an arrangement of ex- 
ceptionally low mobility, so that the 
problem of deploying them from this 
position is particularly difficult. This 
is the reason why opening play and 
development form a special branch of 
chess theory. 

There are various ways in which the 
machine can take cognizance of these 
well-known facts and explore a separate 
waiting strategy for the opening. This 
does not mean that the type of game 
theory which I have here discussed is 
not applicable to chess but merely that 
it requires much more consideration 
before we can make a machine that 
can play master chess. Some of my 
friends who are engaged in these prob- 
lems believe that this goal will be 
achieved in from 10 to 25 years. Not 
being a chess expert, I do not venture 
to make any such predictions on my 
own initiative. 

It is quite in the cards that learning 
machines will be used to program the 
pushing of the button in a new push- 
button war. Here we are considering 
a field in which automata of a non- 
learning character are probably already 
in use. It is quite out of the question 
to program these machines on the basis 
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of an actual experience in real war. 
For one thing, a sufficient experience 
to give an adequate programming 
would probably see humanity already 
wiped out. 

Moreover, the techniques of push- 
button war are bound to change so 
much that by the time an adequate 
experience could have been accumu- 
lated, the basis of the beginning would 
have radically changed. Therefore, the 
programming of such a learning ma- 
chine would have to be based on some 
sort of war game, just as commanders 
and staff officials now learn an impor- 
tant part of the art of strategy in a 
similar manner. Here, however, if the 
rules for victory in a war game do not 
correspond to what we actually wish 
for our country, it is more than likely 
that such a machine may produce a 
policy which would win a nominal 
victory on points at the cost of every 
interest we have at heart, even that of 
national survival. 


Man and Slave 


The problem, and it is a moral prob- 
lem, with which we are here faced is 
very close to one of the great problems 
of slavery. Let us grant that slavery 
is bad because it is cruel. It is, how- 
ever, self-contradictory, and for a 
reason which is quite different. We 
wish a slave to be intelligent, to be able 
to assist us in the carrying out of our 
tasks. However, we also wish him to 
be subservient. Complete subservience 
and complete intelligence do not go 
together. How often in ancient times 
the clever Greek philosopher slave of 
a less intelligent Roman slaveholder 
must have dominated the actions of his 
master rather than obeyed his wishes! 
Similarly, if the machines become 
more and more efficient and operate 
at a higher and higher psychological 
level, the catastrophe foreseen by 
Butler of the dominance of the ma- 
chine comes nearer and nearer. 

The human brain is a far more ef- 
ficient control apparatus than is the 
intelligent machine when we come to 
the higher areas of logic. It is a self- 
organizing system which depends on its 
capacity to modify itself into a new 
machine rather than on ironclad ac- 
curacy and speed in problem-solving. 
We have already made very successful 
machines of the lowest logical type, 
with a rigid policy. We are beginning 
to make machines of the second logical 


type, where the policy itself improves 
with learning. In the construction of 
operative machines, there is no specific 
foreseeable limit with respect to logical 
type, nor is it safe to make a pro- 
nouncement about the exact level at 
which the brain is superior to the ma- 
chine. Yet for a long time at least 
there will always be some level at 
which the brain is better than the 
constructed machine, even though this 
level may shift upwards and upwards. 

It may be seen that the result of a 
programming technique of automatiza- 
tion is to remove from the mind of the 
designer and operator an effective un- 
derstanding of many of the stages by 
which the machine comes to its con- 
clusions and of what the real tactical 
intentions of many of its operations 
may be. This is highly relevant to the 
problem of our being able to foresee 
undesired consequences outside the 
frame of the strategy of the game while 
the machine is still in action and while 
intervention on our part may prevent 
the occurrence of these consequences. 

Here it is necessary to realize that 
human action is a feedback action. To 
avoid a disastrous consequence, it is 
not enough that some action on our 
part should be sufficient to change the 
course of the machine, because it is 
quite possible that we lack information 
on which to base consideration of such 
an action. 

In  neurophysiological language, 
ataxia can be quite as much of a 
deprivation as paralysis. A patient with 
locomotor ataxia may not suffer from 
any defect of his muscles -or motor 
nerves, but if his muscles and tendons 
and organs do not tell him exactly what 
position he is in, and whether the 
tensions to which his organs are sub- 
jected will or will not lead to his fall- 
ing, he will be unable to stand up. 
Similarly, when a machine constructed 
by us is capable of operating on its in- 
coming data at a pace which we can- 
not keep, we may not know, until too 
late, when to turn it off. We all know 
the fable of the sorcerer’s apprentice, 
in which the boy makes the broom 
carry water in his master’s absence, so 
that it is on the point of drowning 
him when his master reappears. If the 
boy had had to seek a charm to stop 
the mischief in the grimoires of his 
master’s library, he might have been 
drowned before he had discovered the 
relevant incantation. Similarly, if a 
bottle factory is programmed on the 
basis of maximum productivity, the 
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owner may be made bankrupt by the 
enormous inventory of unsalable bot- 
tles manufactured before he learns he 
should have stopped production six 
months earlier. 

The “Sorcerer’s Apprentice” is only 
one of many tales based on the as- 
sumption that the agencies of magic 
are literal-minded. There is the story 
of the genie and the fisherman in the 
Arabian Nights, in which the fisher- 
man breaks the ‘seal of Solomon which 
has imprisoned the genie and finds the 
genie vowed to his own destruction; 
there is the tale of the “Monkey’s 
Paw,” by W. W. Jacobs, in which the 
sergeant major brings back from 
India a talisman which has the power 
to grant each of three people three 
wishes. Of the first recipient of this 
talisman we are told only that his 
third wish is for death. The sergeant 
major, the second person whose wishes 
are granted, finds his experiences too 
terrible to relate. His friend, who re- 
ceives the talisman, wishes first for 
£200. Shortly thereafter, an official 
of the factory in which his son works 
comes to tell him that his son has been 
killed in the machinery and that, with- 
out any admission of responsibility, 
the company is sending him as consola- 
tion the sum of £200. His next wish 
is that his son should come back, and 
the ghost knocks at the door. His third 
wish is that the ghost should go away. 

Disastrous results are to be expected 
not merely in the world of fairy tales 
but in the real world wherever two 
agencies essentially foreign to each 
other are coupled in the attempt to 


achieve a common purpose. If the 
communication between these two 
agencies as to the nature of this pur- 
pose is incomplete, it must only be 
expected that the results of this co- 
operation will be unsatisfactory. If we 
use, to achieve our purposes, a me- 
chanical agency with whose operation 
we cannot efficiently interfere once we 
have started it, because the action is so 
fast and irrevocable that we have not 
the data to intervene before the action 
is complete, then we had better be 
quite sure that the purpose put into the 
machine is the purpose which we really 
desire and not merely a colorful imita- 
tion of it. 


Time Scales 


Up to this point I have been con- 
sidering the quasi-moral problems 
caused by the simultaneous action of 
the machine and the human being in 
a joint enterprise. We have seen that 
one of the chief causes of the danger 
of disastrous consequences in the use 
of the learning machine is that man 
and machine operate on two distinct 
time scales, so that the machine is 
much faster than man and the two do 
not gear together without serious dif- 
ficulties. Problems of the same sort 
arise whenever two control operators 
on very different time scales act to- 
gether, irrespective of which system is 
the faster and which system is the 
slower. This leaves us the much more 
directly moral question: What are the 
moral problems when man as an in- 


Science in the News 


The Jackson Committee: 
Educating the Next President 
and the Next Congress 


The most civilized, and perhaps the 
most important, current congressional 
investigation is that being conducted by 
Sen. Henry Jackson (D-Wash.) and his 
Subcommittee on National Policy Ma- 
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chinery. Its purpose, in part, is the 
unusual one of educating the next pres- 
ident to the pitfalls involved in organiz- 
ing his bewilderingly complex job. 
The committee also hopes to develop 
legislation, where legislation might 
be helpful, to smooth the president’s 
problem. Perhaps more important, the 
committee hopes to build a case for 


dividual operates in connection with 
the controlled process of a much slow- 
er time scale, such as a portion of 
political history or—our main subject 
of inquiry—the development of sci- 
ence? 

Let it be noted that the development 
of science is a control and communica- 
tion process for the long-term under- 
standing and control of matter. In this 
process 50 years are as a day in the life 
of the individual. For this reason, the 
individual scientist must work as a part 
of a process whose time scale is so long 
that he himself can only contemplate 
a very limited sector of it. Here, too, 
communication between the two parts 
of a double machine is difficult and 
limited. Even when the individual be- 
lieves that science contributes to the 
human ends which he has at heart, his 
belief needs a continual scanning and 
re-evaluation which is only partly pos- 
sible. For the individual scientist, even 
the partial appraisal of this liaison 
between the man and the process re- 
quires an imaginative forward glance 
at history which is difficult, exacting, 
and only limitedly achievable. And if 
we adhere simply to the creed of the 
scientist, that an incomplete knowledge 
of the world and of ourselves is better 
than no knowledge, we can still by no 
means always justify the naive assump- 
tion that the faster we rush ahead to 
employ the new powers for action 
which are opened up to us, the better 
it will be. We must always exert the 
full strength of our imagination to 
examine where the full use of our new 
modalities may lead us. 


reorganizing certain procedures, par- 
ticularly in the area of the budget, 
which clearly need alteration, . but 
which are likely to remain unchanged 
until basic attitudes in Congress are 
gradually changed. 

James Reston, of the New York 
Times, has described the committee’s 
efforts as “legislative investigation at its 
very best . . . scholarly, objective and 
nonpartisan.” A measure of Jackson’s 
success in meeting these refreshing 
standards is that the minority counsel, 
present to see that the witnesses put on 
record their estimates of the strong as 
well as weak points of the administra- 
tion, has very little to do. This has not 
been because the committee has failed 
so far to uncover any areas of weak- 
ness, but because the committee has so 
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far resisted the temptation to label the 
weaknesses as specifically the weak- 
nesses of a Republican administration. 


A Basic Attitude 


Nevertheless, even granting the com- 
mittee an unusual degree of nonparti- 
sanship, it is going to be difficult to 
draw a clear distinction between the 
investigation’ as a study of the policy- 
making flaws of the government and 
as a study of the weaknesses of the 
present administration. 

In part, this is in the nature of things. 
After all, the most recent eight of the 
13 years under study have been the Ei- 
senhower years, and it is not only 
natural to concentrate the study on the 
more recent years, but there is the 
familiar tendency to regard the more 
distant past, in this case the Truman 
administration, as the good old days. 

But quite aside from this, it has be- 
come clear that a major theme is going 
to be the illusory value of the elaborate 
organization, the dependence on com- 
mittees, and the emphasis on team 
play and group thinking that, justly or 
unjustly, has become identified as the 
“Eisenhower style.” 


Individual versus Committees 


A good deal of the testimony heard 
so far amounts to an endorsement 
of George Kennan’s 1958 statement 
in Daedalus that “thought is, by its 
very nature, an individual process, not a 
collective one; to be useful thought 
must be communicated; to be communi- 
cated it must pass through the filter of 
the single mind that puts it into words; 
it cannot, therefore, be greater than 
what a single mind can comprehend 
and state. There is thus no such thing 
as collective judgment; there is only 
individual judgment, enriched and re- 
fined on occasion by the advice of 
others, and commanding, in certain 
cases, the approval of a wider body. 
This being the case, the pretense of a 
collective wisdom underlying so much 
of the governmental committee system 
today is simply a form of play acting 
and self-deception. . . . It leads to a 
complete sacrifice of incisiveness and 
style . . . in the broad sense of the 
style of statemanship itself, which can 
never be expressive and convincing un- 
less it is the product of a single human 


personality.” 
Scientists Testify 


There seemed to be a general agree- 
ment with Kennan’s position among the 
seven scientists and scientific adminis- 
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trators who testified last week. This 
showed up in their unanimous distaste 
for the idea of a Department of Sci- 
ence, which they appeared to regard 
as little more than a committee to end 
all committees, with a mission so broad 
that it would be impossible to define, 
and a vague sense of authority over al- 
most everything and actual operating 
responsibility for almost nothing. 

It showed up again in statements such 
as physicist Edward Purcell’s remark 
that “you have to keep new knowledge 
and new ideas as the goal, not regular 
reports and administrative tidiness.” 
Purcell suggested that there can be too 
much concern about making sure the 
man at one end of the corridor knows 
what the man at the other end is do- 
ing; that, in research, at least, there 
comes a time when the most important 
thing to do is to leave the man alone. 


Coordinating Points of View 


No one questioned the importance 
of military planners understanding the 
international implications of what they 
are doing, of State Department people 


Senator Henry Jackson (right) talking with James Fisk, president of Bell Telephone 


taking into account the repercussions ot 
the newest developments in science and 
technology. Indeed, one of the key pur- 
poses of the inquiry is to seek the best 
ways that this can be done. But there 
was a general feeling that elaborate in- 
terdepartmental committees, advisory 
groups, and special staffs are not a suf- 
ficient answer. These were recognized 
as useful, but it became clear that the 
witnesses felt that there was already 
enough machinery of this sort. 

There was so much of this machinery, 
in fact, that a disturbing portion of a 
policy-maker’s time is occupied with 
obtaining the seemingly endless round 
of “concurrences” before a decision can 
be taken. As former Defense Secretary 
Robert Lovett told the committee in 
February, what was intended to be a 
policeman seems to be becoming a jail- 
keeper. 

It was suggested that, rather than 
more machinery, what was needed was 
more men in the State Department, for 
example, who would ‘command as part 
of their personal equipment a general 
if not a specialist’s sophistication in sci- 
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Laboratories and vice-chairman of the President’s Science Advisory Committee. Other 
witnesses before the Jackson Committee last week included: William H. Pickering, 
director of the Jet Propulsion Laboratory at the California Institute of Technology 
and a member of the Army’s Science Advisory Panel; physicist Edward M. Purcell, a 
Nobel prize winner and member of the President’s Science Advisory Committee: 
Eugene P. Wigner, professor of physics at Princeton and a leading authority on nuclear 
reactors; Ruben F. Mettler, operating chief of Space Technology Laboratories, which 
handles a major share of the work of the U.S. space program; James A. Perkins. 
vice-president of the Carnegie Corporation and a member of the committee which 
prepared the Gaither Report on U.S. defense security; and Herbert F. York, recently 
appointed director of Research and Engineering in the Department of Defense. 
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entific and military matters. For the 
most frequent point made was that 
strong decisions were made by indi- 
vidual men, not by committees; and that 
the policy-maker should have sufficient 
understanding of areas outside his spe- 
cialty to be able to use committees of 
specialists to gather facts without ab- 
dicating his authority to such commit- 
tees. 


Further Hearings 


This awareness that good policy- 
makers are more important than good 
policy-making machinery has led the 
committee to schedule hearings for this 
month on the problems of getting out- 
standing men from industry and the 
universities into government service, and 
keeping them for longer periods of time. 
Later in the month the committee plans 
a detailed examination of the National 
Security Council, the key advisory body 
to the President. 

Meanwhile, the committee today is 
only at the stage of getting the feel 
of the problems it wants to study. What 
it has done so far has been useful; but 
its final importance is probably going 
to depend on its ability to go beyond 
generalized recommendations to com- 
pile an impressive and rather detailed 
body of material demonstrating the 
conditions under which the country has 
gotten clear and effective decision-mak- 
ing, and the conditions where weak and 


vacillating policy decisions have re- 
sulted. 





Academy Honors Waterman; 


New Officers and Members Elected 


Alan T. Waterman, director of the 
National Science Foundation, received 
the Public Welfare Medal of the Na- 
tional Academy of Sciences during the 
97th annual meeting of the academy, 
25-27 April, in Washington. The 
medal, which is awarded for “eminence 
in the application of science to the 
public welfare,” is considered to be the 
most distinguished of the academy’s 
medals. It is unique among them in that 
it is awarded for outstanding public 
service in the uses of science, rather 
than achievements within a particular 
scientific discipline. 


Officers Elected 


Lloyd V. Berkner, president of As- 
sociated Universities, Inc., in New York 
City, was elected to a 4-year term as 
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Alan T. Waterman 


treasurer of the academy. Also elected, 
for 3-year terms, were two new mem- 
bers of the academy’s council—G. 
Evelyn Hutchinson, Sterling professor 
of zoology, Yale University, and Robley 
C. Williams, professor of virology and 
research biophysicist, University of 
California. The two retiring councilors 
are Frederick Seitz and Harry L. Sha- 
piro. 


New Members 


Thirty-five new members’ were 
elected to the academy during the an- 
nual meeting. Election to the academy, 
which is on the basis of distinguished 
and continued achievements in original 
research, is considered to be one of the 
highest honors which can be visited 
upon an American scientist. 

The new members are as follows. 
Herbert L. Anderson, professor of 
physics and director of the University 
of Chicago’s Enrico Fermi Institute for 
Nuclear Studies; Allen V. Astin, di- 
rector, National Bureau of Standards; 
Nicolaas Bloembergen, professor of ap- 
plied physics, Harvard University; Al- 
fred T. Blomquist, professor of organic 
chemistry, Cornell University; Henry 
G. Booker, professor of electrical engi- 
neering, Cornell University; Armin C. 
Braun, member and professor of bac- 
teriology, Rockefeller Institute; Owen 
Chamberlain, professor of physics, Uni- 
versity of California; Norman R. David- 
son, professor of chemistry, California 
Institute of Technology; William Feller, 
Higgins professor of mathematics, 
Princeton University; Herbert Fried- 
man, superintendent, atmosphere and 
astrophysics division, U.S. Naval Re- 
search Laboratory. 





Robert Galambos, chief, department 
of neurophysiology, Walter Reed Army 
Institute of Research; Murray Gell- 
Mann, professor of theoretical physics, 
California Institute of Technology; Don- 
ald R. Griffin, professor of zoology, 
Harvard University; Herbert S. Gu- 
towsky, professor of physical chemistry, 
University of Illinois; Bernard Haur- 
witz, professor of astrogeophysics, Uni- 
versity of Colorado, and _ associate 
oceanographer, Woods Hole Oceano- 
graphic Institution; Hollis D. Hedberg, 
professor of geology, Princeton Uni- 
versity; Karl F. Herzfeld, professor of 
physics and head of department, Cath- 
olic University; Carl I. Hovland, Ster- 
ling professor of psychology, Yale Uni- 
versity; Robert J. Huebner, chief, 
Laboratory of Infectious Diseases, Na- 
tional Institute of Allergy and Infectious 
Diseases; Augustus B. Kinzel, vice 
president in charge of research, Union 
Carbide and Carbon Corporation. 

Salvador E. Luria, professor of 
microbiology and chairman, Microbiol- 
ogy Committee, Massachusetts Insti- 
tute of Technology; Daniel Mazia, pro- 
fessor of zoology, University of Cali- 
fornia at Berkeley; Stanford Moore, 
member and professor of biochemistry, 
Rockefeller Institute; Theodore  T. 
Puck, professor of biophysics and head 
of department, University of Colorado 
Medical School; Roger W. Sperry, 
Hixon professor of psychobiology, Cali- 
fornia Institute of Technology; William 
H. Stein, member and professor of bio- 
chemistry, Rockefeller Institute; Wilson 
S. Stone, professor of zoology and di- 
rector of gene research, University of 
Texas; Gilbert J. Stork, professor of 
chemistry, Columbia University; Rich- 
ard N. Tousey, head, rocket spectros- 
copy branch, atmosphere and _astro- 
physics division, U.S. Naval Research 
Laboratory; Jerome. B. Wiesner, pro- 
fessor of electrical engineering, Massa- 
chusetts Institute of Technology and 
director, Research Laboratory of Elec- 
tronics; Gordon R. Willey, Bowditch 
professor of Central American and 
Mexican archaeology, Harvard Uni- 
versity; Carroll M. Williams, chairman, 
department of biology, Harvard Uni- 
versity; Olin C. Wilson, astronomer, 
Mount Wilson and Palomar observa- 
tories; Clinton N. Woolsey, Charles 
Sumner Slichter research professor of 
neurophysiology, Medical School and 
Graduate School, University of Wis- 
consin; and Antoni Zygmund, profes- 
sor of mathematics, University of Chi- 
cago. 
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Two Expeditions Announced by 
Scripps Institution 


Between 15 June and 23 August the 
University of California’s Scripps Insti- 
tution of Oceanography at La Jolla, 
Calif., will send the Spencer F. Baird 
on an expedition to the central and 
equatorial Pacific area lying between 
Hawaii and the U.S. mainland. The 
purposes of this cruise are twofold, bio- 
logical and geological. The cruise will 
be divided into three phases. Phases 1 
and 3 will be devoted to biology and 
hydrography; phase 2 is primarily geo- 
logical. 

Sampling in phases 1 and 3 will con- 
sist of a series of deep mid-water trawls, 
opening-closing plankton tows, and 
hydrographic casts. It is anticipated that 
several of the hydrographic casts will 
be made to the maximum possible 
depths and, in addition, that a few rep- 
licate casts may be made. A series of 
gravity cores will also be taken. 

Phase 2 will be devoted to an in- 
tensive bottom coring program to the 
south of Hawaii. Sediment samples col- 
lected by the Challenger in 1875 and 


the “Mid-Pacific” expedition in 1950 
indicate the presence of extensive or 
numerous outcrops of  fossiliferous 
Lower Tertiary sediments. Some 60 
sediment cores will be taken in this 
area in an attempt to ‘I<termine the 
conditions under which the older sedi- 
ments outcrop. From this it may be 
possible to deduce some of the char- 
acters of the physical agents moving 
sediments in this area. 

Although the biological and hydro- 
graphic data to be collected will have a 
direct bearing on a number of studies 
now in progress, the primary biological 
objective of the expedition is to investi- 
gate the distribution and ecology of 
meso- and bathypelagic organisms. The 
distribution of epipelagic organisms is 
a reflection of the circulation patterns, 
and consequently several of these or- 
ganisms have proved to be useful as 
indicators. There is good reason to be- 
lieve that living forms at greater depths 
are adapted to a particular spectrum of 
physical conditions and that their occur- 
rence is limited by these conditions. 
By extending knowledge of the distri- 
bution and abundance of these forms, 


it may be possible to find correlations 
with the properties of the deep water 
and the circulation pattern. 


Monsoon Expedition 


Another Scripps expedition is sched- 
uled for the period August 1960 to 
February 1961, when a research vessel 
will sail to the southwestern Pacific and 
southern Indian Ocean. The expedition, 
called Monsoon, will have a scientific 
program similar to those of the 1952- 
53 Capricorn and the 1957-58 Down- 
wind investigations of the south and 
southeast Pacific, respectively. 

The ship’s program will include the 
following types of study in a portion 
of the southwest Pacific, part of the 
East Indian Archipelago, and the south 
equatorial and temperate regions of the 
Indian Ocean: bathymetric, sonoprobe 
seismic-refraction, magnetic, heat-flow, 
bottom-sampling, bottom-photography, 
hydrographic, and gravity reconnais- 
sance studies. Measurements of CO: in 
the atmosphere and near-surface water 
will be made throughout the cruise. 

Large-volume water sampling and 
radio-isotope and trace-element studies 
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will be carried out, especially during 
the equatorial and southwestern Pa- 
cific portions of the trip. The biological 
program will consist of plankton sam- 
pling throughout the cruise and of 
mid-water trawls and dredging for 
benthic organisms in the southwest Pa- 
cific and the Indian Ocean. 

An earlier announcement of Mon- 
soon’s program and track, released in 
April 1959, indicated that a large por- 
tion of the cruise would be in the north- 
west Pacific and that no investigations 
would be carried out in the southwest 
Pacific. Monsoon Expedition, as now 
planned, includes much more extensive 
explorations in the Indian Ocean than 
had been formerly suggested. The 
northwest Pacific investigations pro- 
posed earlier will be carried out at a 
later date, possibly in the spring and 
summer of 1961 

Monsoon’s_ investigations of the 
southern and central Indian Ocean will 
provide reconnaissance of part of the 
basin prior to the large-scale, multi- 
nation cooperative International Indian 


Ocean Expedition of 1960-64, pro- 
posed by SCOR. Monsoon will be 
Scripps Institution’s initial contribu- 


tion to that joint effort. 

The program outlined here covers the 
6-month period that provides the best 
chance for good weather throughout 
the cruise. Observations will be carried 
out along a track of more than 35,000 
miles. 

Monsoon will employ the newly con- 
verted research vessel ARS-27, using 
her auxiliary boat for seismic-refraction 
shooting, detailed sounding on stations, 
and exploration of shoal areas. Perhaps 
the ARS-27 will work in company with 
a research vessel of another nation in 
the Indonesia-Australia region. The 
ARS-27 will accommodate a scientific 
party of 23 to 25. 

About 18 marine scientists, chiefly 
from Scripps Institution, will be needed 
to carry out the basic program. Thus 
there will be room, and facilities, for 
several visiting scientists from other 
countries or laboratories. 

A tentative schematic track is shown 
in the figure. Suggestions for partici- 
pation in the expedition are invited, 
and provision will be made for such 
participation in so far as time and 
ship’s capacity permit. 

Robert L. Fisher is coordinating the 
over-all Monsoon scientific program 
and will supervise the Indian Ocean 
investigations. George Shor, T. H. van 
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Andel, and Henry W. Menard will head 
the San Diego-Port Moresby, the Ara- 
fura Shelf, and the Wellington-San 
Diego segments of Monsoon, respec- 
tively. 


X-Ray Picture of the Sun 
Taken from a Rocket 


Most x-ray radiation reaching the 
earth is absorbed in the upper atmos- 
phere, where it creates the belts of 
ionized air that make long-range radio 
transmission possible. The picture on 
this page, therefore, had to be taken 
from a rocket fired 130 miles into the 
outer reaches of the atmosphere. It 
shows the sun as our eyes would see it 
if they responded to x-rays rather than 
the longer wavelength radiation we call 
light. 

A glass lens cannot be used io focus 
x-rays (the rays will simply pass through 
the glass unrefracted); the scientists, 
therefore, had recourse to the primitive 
pinhole camera, which has no lens at 
all. The camera works because only a 
single beam of light from each point on 


the object can pass through the hole, 
so forming a point-to-point relationship 
between the object and an image that 
is formed on a screen behind the pin- 
hole. 

In this case the hole was 0.005 
inches wide, and an extremely thin 
aluminum film was used to screen out 
visible light, which would have black- 
ened the film. 

The picture shows that the principal 
source of x-rays reaching the earth is 
the low-density corona surrounding the 
mass of the sun. Immensely larger 
quantities of this radiation are produced 
within the sun proper. But most of 
these x-rays, except in the case of 
storms such as the one appearing near 
the center of the photo, are re-absorbed 
within the sun itself and not radiated 
into space. 

The peculiar J-shaped marking and 
the small blotch at the top of the corona 
have been subjected to the scrutiny of 
scientists, who have decided that they 
are imperfections on the film. 

The project was carried out under 
the direction of Herbert Friedman of 
the Naval Research Laboratory. 





X-ray photograph of the sun, taken from a rocket fired 130 miles above the earth. 
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House Cuts Science Foundation 


Budget; Major Programs Endangered 


On 20 April the House of Representa- 
tives approved a 1961 budget of $160 
million for the National Science Foun- 
dation, reducing the Administration’s 
proposal of $191,600,000 by $31,600,- 
000 and cutting the foundation’s original 
request of $214,835,000 by $54,385,- 
000. Four major areas of support are 
seriously affected: basic research, re- 
duced from the Administration’s $78,- 
800,000 to $70,283,000, a cut of $8,- 
517,000; development of graduate re- 
search laboratories, reduced from $15 
million to $2 million, a cut of $13 mil- 
lion; maintenance and operation of the 
National Radio Astronomy Observatory 
and the Kitt National Observatory, 
reduced from $5 million to $1,800,000, 
a cut of $3,200,000; and the dissemina- 
tion of scientific information, reduced 
from $7,335,000 to $5,335,000, a cut 
of $2 million. 


Some Effects 


Despite growing recognition of the 
urgent need for more basic research, 
the House Appropriations Committee 
approved a budget that would eliminate 
the means of support for approximately 
1000 advanced graduate students who 
would participate in such research. Even 
with the funds the President requested 
for basic research, the foundation would 
be able to support only 38 percent of 
the meritorious proposals that are re- 
ceived each year from more than 300 
colleges. 

Closely linked with the basic research 
program is the foundation’s program 
to share with colleges and universities 
the very high cost of modernizing grad- 
uate research laboratories. At present, 
adequate laboratory facilities are not 
available in a majority of this country’s 
institutions of higher education. The 
foundation launched a pilot matching- 
fund aid program last year, to which 
there was a vigorous response. The 
planned program will have to be rad- 
ically curtailed if the present reduc- 
tion from $15 million to $2 million is 
allowed to stand. 

The appropriation that has been rec- 
ommended for the two new national 
astronomical observatories, built at a 
cost of some $20 million, would provide 
only enough funds to continue the in- 
terim pre-operational support allowed 
in 1960. In 1961 major new instruments 
should be in full use, others should 
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be tested, new programs should be 
launched and a new staff employed. 
One of the new programs that would 
have to be canceled would be that for 
the space telescope, which is expected 
to constitute one of the most significant 
advances in astronomy ever achieved. 

Throughout the year much attention 
has been given, both nationally and 
internationally, to the ever-growing 
problem of dissemination of scientific 
information, of obvious fundamental 
importance. The development of more 
efficient electronic searching and re- 
trieval techniques is essential if the re- 
search results are to be effectively 
utilized. 

The National Science Foundation 
budget was included in the Independent 
Offices Appropriation bill (H.R. 11776), 
which received an over-all cut of ap- 
proximately 3 percent. However, the 
foundation’s appropriation was reduced 
by about 16.5 percent. The Senate will 
soon have an opportunity to modify the 
NSF budget reductions. 





Promising Isotope with Short 
Half-Life Now Available 


During the last 2 years the Inter- 
national Atomic Energy Agency has 
made special efforts to promote the 
production of calcium-47, which has 
a half-life of only 4.9 days, for use 
in medicine and radiology. Limited 
amounts of the isotope may now be 
obtained in England and the United 
States. 

Because of the present method of 
production—the Ca“ (n, vy) Ca” re- 
action—the isotope is unavoidably con- 
taminated with calcium-45, which has 
the hazard-producing half-life of 164 
days, prohibiting experiments on nor- 
mal, healthy people. Work is now going 
on at Oak Ridge National Laboratory 
to increase the Ca“/Ca“ ratio until the 
fraction of calcium-45 at pile-out time 
will be so low that it will not contribute 
to the radiation dosage. 


Pure Samples Have Been Prepared 


Laboratory samples of pure calcium- 
47 have been prepared both here and 
abroad—generally by means of fast 
neutrons or accelerated particles and 
a target, such as a separated titanium 
isotope. However, a spokesman for the 
Atomic Energy Commission explains 
that these samples are laboratory curi- 


osities, for the methods used are far 
too expensive for routine production 
purposes. 

Meanwhile, calcium-47 in its pres- 
ent form is considered satisfactory for 
diagnostic and research work in cer- 
tain special patients and for agricul- 
tural and other applications. The In- 
ternational Atomic Energy Agency is 
now developing a research contract pro- 
gram to help researchers obtain the 
isotope and to coordinate further work 
on applications as well as work on the 
development of new production 
methods. Requests for calcium-47 
should be sent to the United Kingdom 
Atomic Energy Authority’s Radiochem- 
ical Centre, Amersham, Bucks, Eng- 
land, or to the Atomic Energy Com- 
mission’s Oak Ridge National Lab- 
oratory, Oak Ridge, Tenn. 


Grants, Fellowships, and Awards 


Heart. Applications from research in- 
vestigators for support of studies to be 
conducted during the fiscal year be- 
ginning 1 July 1961 are now being 
accepted by the American Heart As- 
sociation. The deadline for applying 
for research fellowships and established 
investigatorships is 15 September. Ap- 
plications for grants-in-aid must be re- 
ceived by 1 November. 

Stipends in all categories have been 
increased this year, on the basis\of the 
rising cost of living. Further informa- 
tion and application forms regarding re- 
search awards may be obtained from 
the Assistant Medical Director for 
Research, American Heart Association, 
44 E. 23 St., New York 10, N.Y. 

NATO institute travel. Under the 
sponsorship of the North Atlantic 
Treaty Organization, a number of Ad- 
vanced Study Institutes will be held in 
NATO countries during the summer of 
1960. These institutes, covering ad- 
vanced specialized fields, vary in length 
from 2 weeks to about 2 months. The 
National Science Foundation has an- 
nounced that a limited number of 
travel grants, including only transpor- 
tation costs, will be available to U.S. 
citizens who have been accepted by the 
institute directors. 

The 1960 summer program of Ad- 
vanced Study Institutes will include the 
following. 

“Elementary particles,” Les Houches, 
France (director, Professor Cecile De- 
Witt, Department of Physics, Univer- 
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sity of North Carolina, Chapel Hill). 

“Physics of microwaves,” “Bio- 
physics,” and “Nuclear processes at low 
energies,” all in Varenna, Italy (direc- 
tor, Professor G. Polvani, Societa 
Italiana di Fisica, Via Saldini 50, 
Milano, Italy). 

“Thermal vibration in solids: specific 
heat and x-ray,” Corfu, Greece (direc- 
tor, Professor Kessar Alexopoulos, Solo- 
nos Str. 104, Athens, Greece). 

“Structure dnd evolution of the 
galactic system,” Breukelen, Nether- 
lands (director, Professor J. N. Oort, 
University of Leiden, Leiden, the 
Netherlands). 

“Constituents of proteins,” Gétting- 
en, Germany (director, Dr. H. Stege- 
mann, Medizinische Forschungsanstalt, 
Die Max Planck Gesellschaft, Bunsen 
Strasse 10, Géttingen, Germany). 

“Physics of plasma,” Ris@, Denmark 
(director, Professor T. Bjerge, Danish 
Atomic Energy Commission, Ris@ Re- 
search Establishment, Ris@, Denmark). 

“Modern methods of structure de- 
termination,” Manchester, England (di- 
rector, Professor H. S. Lipson, Depart- 
ment of Physics, College of Science and 
Technology, Manchester 1, England). 

“High-energy physics,” Edinburgh, 
Scotland (director, Professor M. Kem- 
mer, Tait Institute of Mathematical 
Physics, 1, Roxburgh St., Edinburgh 8, 
Scotland). 

“Recent advances in food science,” 
Glasgow, Scotland (director, Professor 
J. Hawthorn, Department of Food Sci- 
ence, Royal College of Science and 
Technology, 1, Horslethill Rd., Glas- 
gow, W.2, Scotland). 

“Fuel elements for water-cooled 
power reactors,” Kjeller, Norway (di- 
rector, Dr. Gunnar Randers, Institutt 
for Atomenergi, P.O. Box 175, Lille- 
strom, Norway). 

“Physics of upper atmosphere,” Cor- 
fu, Greece (director, Professor M. An- 
astassiadis, Department of Physics, Uni- 
versity of Athens, Athens, Greece). 


Scientists in the News 


Guerdon D. Nichols, dean of the 
College of Arts and Sciences at the 
University of Arkansas, has received 
the third annual Alexander Meiklejohn 
Award for Academic Freedom of the 
American Association of University 
Professors for having publicly led oppo- 
sition to the Arkansas requirement that 
teachers employed by the state disclose 
their organizational affiliations. An Ar- 
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kansas statute, known as “Act 10,” 
requires every teacher to file a sworn 
affidavit listing the organizations to 
which he has belonged or contributed 
for the past 5 years. Presumably aimed 
at members of the National Associa- 
tion for the Advancement of Colored 
People, Act 10 applies to membership 
in all types of organizations—political, 
religious, social, and professional. 

Addressing members of Phi Beta 
Kappa at the University of Arkansas 
a year ago, Nichols denounced the act 
as discriminating against the teaching 
profession and as an invasion of in- 
dividual privacy. “But perhaps the 
greatest objection to Act 10,” he de- 
clared, “is the contribution it is making 
to the atmosphere of fear and insecu- 
rity, and the consequent threat to aca- 
demic freedom and the proper function- 
ing of a true university.” 

Objecting to the act on principle, a 
number of Arkansas faculty members 
have refused to sign the affidavit and 
consequently have been compelled to 
leave the university. Some have been 
aided in finding new posts by the 
AAUP, and others are receiving finan- 
cial support from the association. Re- 
view of Act 10 by the United States 
Supreme Court is scheduled. 


Among the new fellows of the Royal 
Society are the following from the 
United States and Canada: 

R. H. Dalitz, professor of physics 
in the University of Chicago’s Enrico 
Fermi Institute for Nuclear Studies, 
distinguished for his numerous contri- 
butions to nuclear theory and the phys- 
ics of elementary particles. 

M. J. S. Dewar, professor of chemis- 
try at the University of Chicago, distin- 
guished for his studies of chemical 
structure and for his contributions to 
the application of quantum theory to 
organic chemistry. 

D. K. C. MacDonald, principal re- 
search officer, Division of Pure Physics, 
National Research Council of Canada, 
Ottawa, distinguished for his investiga- 
tions on the thermal and electrical 
properties of metals, with particular 
reference to the study of electron in- 
teractions. 


Francis Birch, Sturgis Hooper pro- 
fessor at Harvard University, has re- 
ceived the William Bowie Medal of the 
American Geophysical Union for his 30 
years of distinguished contributions to 
geophysical research. He was honored 
for having shown particular competence 


in engineering, in physical science, and 
in geology, and for “having brought 
the full power of these disciplines to 
bear” on his studies of the properties 
of rocks under the extreme conditions 
of heat and pressure that exist within 
the mantle of the earth. 


The gold-headed cane of the Ameri- 
can Association of Pathologists and 
Bacteriologists has been presented to 
Eugene L. Opie, 87-year-old patholo- 
gist. Although officially retired in 1941, 
Opie works almost daily on liver cancer 
research at the Rockefeller Institute for 
Medical Research, New York. 


Dael Wolfle, executive officer of the 
AAAS, will deliver the Bingham Lecture 
at Columbia University on 10 May; he 
will discuss “Diversity of Talent.” 
Wolfie was selected by a special com- 
mittee of the American Psychological 
Association, sponsor of the annual hon- 
orary lectureship, in recognition of his 
“unique contributions to the study of 
human capacities and abilities and the 
manpower problem.” 


John B. Youmans, technical director 
of research in the Office of the Army 
Surgeon General, will receive the 
Groedel Medal of the American Col- 
lege of Cardiology on 27 May. As re- 
cipient of the award, Youmans will 
address the college on the humanities 
in medicine. 


John H. Lupinski has been appoint- 
ed physical organic chemist at the Gen- 
eral Electric Research Laboratory, 
Schenectady, N.Y. 


Fifteen awards for outstanding con- 
tributions to chemistry and chemical 
engineering were presented on 9 April 
in Cleveland at a general assembly of 
the American Chemical Society’s 137th 
national meeting. 

Wallace R. Brode, scientific adviser 
to the Secretary of State, received the 
Priestley Medal for distinguished serv- 
ices to chemistry. Brode—on leave of 
absence from his post as associate di- 
rector of the National Bureau of Stand- 
ards—is an authority on the scientific 
requirements for national defense and 
the international exchange of scientific 
information. 

The Garvan Medal, recognizing out- 
standing service to chemistry by a wom- 
an chemist, went to Mary L. Caldwell, 
professor emeritus of chemistry at Co- 
lumbia University and an internationally 
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known specialist in the biochemistry of 
sugars and starches. In addition to her 
contributions to chemical research, she 


is widely known as a teacher and ad- 


ministrator. 

Watson Davis, director of Science 
Service and an editor, writer, and 
broadcaster, received the James T. 
Grady Award for distinguished report- 
ing of chemical progress. 

Charles D. Coryell, professor of 
chemistry at the Massachusetts Insti- 
tute of Technology who worked on the 
development of the atomic bomb, re- 
ceived the ACS Award for Nuclear 
Applications in Chemistry, sponsored 
by the Nuclear-Chicago Corporation. 

James B. Watson of Harvard Uni- 
versity won the ACS Award in Biologi- 
cal Chemistry, sponsored by Eli Lilly 
and Company. 

Elias J. Corey, also of Harvard Uni- 
versity, received the ACS Award in Pure 
Chemistry, sponsored by Alpha Chi 
Sigma. 

E. L. Jack, of the University of Cali- 
fornia’s department of dairy industry in 
Davis, won the ACS Award in the 
Chemistry of Milk, sponsored by the 
Borden Company Foundation, Inc., 
New York. 

Arthur B. Pardee, of the University 
of California department of virology 
and biochemistry in Berkeley, received 
the Paul-Lewis Laboratories Award in 
Enzyme Chemistry, sponsored by Paul- 
Lewis Laboratories, Inc. 

Carl Djerassi of Stanford University, 
internationally known for his research 
on hormones and plant chemicals, was 
presented with the Fritzsche Award, 
sponsored by Fritzsche Brothers, Inc., 
New York. 

The ACS Award in Chemical Educa- 
tion, sponsored by the Scientific Appa- 
ratus Makers Association, was pre- 
sented to Arthur F. Scott, professor of 
chemistry at Reed College. 

Herbert C. Brown of Purdue Uni- 
versity, an authority on the structure of 
molecules, received the ACS Award for 
Creative Work in Synthetic Organic 
Chemistry. 

The Fisher Award in Analytical 
Chemistry, for distinguished contribu- 
tions to the science of analytical chem- 
istry, was presented to Philip J. Elving 
of the University of Michigan. 

Neal R. Amundson of the University 
of Minnesota, an outstanding mathe- 
matical engineer, received the ACS 
Award in Industrial and Engineering 
Chemistry, sponsored by the Esso Re- 
search and Engineering Company. 
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The 1960 Kendall Company Award 
in Colloid Chemistry was presented to 
John D. Ferry of the University of 
Wisconsin. 

Professor Robert W. Taft, Jr., of 
Pennsylvania State University, received 
the ACS Award in Petroleum Chem- 
istry, sponsored by the Precision Scien- 
tific Company. 


J. G. L. Michel, senior principal sci- 
entific officer, Mathematics Division, 
National Physical Laboratory, Tedding- 
ton, Middlesex, England, will be in the 
United States from 30 May to 29 June. 
He will attend the International Con- 
ference on Partial Differential Equa- 
tions and Continuum Mechanics at the 
U.S. Army Mathematics Research Cen- 
ter, University of Wisconsin, Madison, 
7-15 June. His itinerary includes: 
Washington (31 May-—5 June); Urbana, 
Ill.; Dayton, Ohio; Pittsburgh; Phila- 
delphia; Princeton, N.J.; New York; 
and Boston. 


Felix Haurowitz, distinguished serv- 
ice professor of chemistry at Indiana 
University, has won the $25,000 Paul 
Ehrlich Award of the Paul Ehrlich In- 
stitute in Germany for his work in im- 
munology. Half of the award goes to 
the winner and the rest to research to 
be designated by him. 


Peter J. W. Debye, a Nobel chemist 
(1936) and a retired member of the 
Cornell University faculty, has been 
appointed senior research scientist in 
the Institute of Science and Technology 
of the University of Michigan, a po- 
sition he will hold from April through 
December. 


Recent Deaths 


C. J. Bakker, Geneva-Meyrin, Switz- 
erland; 56; director-general of the 
European Organization for Nuclear 
Research since 1955; a member of the 
organization’s directorate since its 
founding in 1952, when he was named 
first director of the synchro-cyclotron 
group; former professor of physics and 
director of the Zeeman Laboratory of 
the University of Amsterdam and for- 
mer director of the Institute of Nuclear 
Physics, Amsterdam; 23 Apr. 

Joseph C. Bell, Louisville, Ky.; 67; 
former president of the Radiological 
Society of North America; 25 Apr. 

George Calingaert, Geneva, N.Y.; 
63; retired professor of chemistry at 


Hobart and William Smith colleges and 
an authority on organometallic com- 
pounds; was associated with the Ethyl 
Corporation for 24 years, 18 of them 
in Detroit as director of chemical re- 
search; 16 Apr. 

Francis J. Curtis, St. Louis, Mo.; 65: 
former vice president for personnel of 
the Monsanto Chemical Company; re- 
cipient of the 1959 Founders Award of 
the American Institute of Chemical 
Engineers in recognition of outstand- 
ing contributions in the field of chem- 
ical engineering; past president of the 
Society of Chemical Industry and the 
American Institute of Chemical Engi- 
neers, and past vice president of the 
AAAS (1949); 21 Apr. 

Alexander Dillingham, Orleans, Mass.; 
77; a former professor of mathematics 
at the United States Naval Academy, 
where he was on the teaching staff 
from 1917 to 1948; 26 Apr. 

Jules Freund, Washington, D.C.; 69; 
chief of the laboratory of immunology 
in the National Institute of Allergy and 
Infectious Diseases (Bethesda, Md.); 
winner of the 1959 Albert Lasker 
Award for achievement in medical re- 
search; former chief of the division of 
applied immunology of the Public 
Health Research Institute in New York, 
where he served 14 years; 22 Apr. 

Lyman G. Schermerhorn, Highland 
Park, N.J.; 72; horticulturist and pro- 
fessor emeritus, Rutgers University; de- 
veloped the Rutgers tomato in 1934 
and the wilt-resistant variety of pepper, 
called the Rutgers World Beater, in 
1942; 19 Apr. 

Robert M. Strozier, Chicago, IIl.; 53; 
president of Florida State University; 
was among those under consideration 
for the post of chancellor of the Uni- 
versity of Chicago, where he had served 
for some years as dean of students and 
professor of Romance languages; 20 
Apr. 

Max von Laue, Berlin, Germany; 80; 
German physicist who received the 
Nobel Prize in 1914 for his discovery 
of the diffraction of x-rays by crystals; 
resigned from the Kaiser Wilhelm Insti- 
tute in 1943 as an expression of his op- 
position to the Hitler regime; after the 
war was appointed head of the Max 
Planck Institute for Physical Chemistry; 
former professor at Géttingen Uni- 
versity; in 1957 was one of 18 promi- 
nent German physicists who publicly 
deplored the decision to equip the West 
German armed forces with nuclear 
weapons and refused to take part in 
weapon development; 23 Apr. 
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A History of Polar Exploration. L. P. 
Kirwan. Norton, New York, 1960. 
x + 374 pp. Iilus. + plates. $4.95. 

Sverdrup’s Arctic Adventures. T. C. 
Fairley. Longman, Green, New York, 
1960. xii + 305 pp. Illus. + plates. 
$6. 


In his general history of polar explo- 
ration, Kirwan refers to a period of 
Scandinavian ascendancy around the 
turn of the 20th century. Among the 
modern Vikings none outranked Otto 
Sverdrup, whom Kirwan calls “an out- 
standing leader and the greatest ice pilot 
of his day.” In Sverdrup’s Arctic Ad- 
ventures, Fairley allows the explorer to 
tell, in his own words, of the great 
expedition to the Canadian arctic, by 
condensing Sverdrup’s New Land, orig- 
inally published in 1904. To explain 
the man and his accomplishment, Fair- 
ley has added biographical infcrma- 
tion, explanatory notes, and a brief 
assessment of Sverdrup’s significance. 
He has done a public service in making 
available one of the great stories of 
polar adventure. 

Fairley’s book might be presented as 
a case history illustrating Kirwan’s 
study of polar exploration. By a miracle 
of compression, Kirwan has presented 
the story of many hundreds of years of 
effort to open the polar regions in 
less than 400 pages. He has accom- 
plished this by emphasizing the evolu- 
tion of polar exploration in its social 
and historical context rather than by 
analyzing geographical achievement 
and the development of polar tech- 
niques. His approach led him into the 
interesting field of the motives and im- 
pulses—economic, strategic, political, 
and personal—that lead men to risk 
their lives in the arctic and antarctic. 
Consistent with his viewpoint, but per- 
haps disappointing to some readers, is 
his treatment of the period since 1920 
in summary fashion because sufficient 
time has not elapsed to establish his- 
torical perspective. 

Kirwan, director of the Royal Geo- 
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graphical Society, has a certain quiet 
English pride. Lacking any chauvinism, 
unafraid to criticize his countrymen, 
generous in recording the achievements 
of other nations, the author, neverthe- 
less, manages to keep the activities and 
accomplishments of Britons in the cen- 
ter of the stage. The same national 
viewpoint pervades all mention of po- 
litical relationships in Antarctica. 

These remarks are intended less as 
criticism than as a warning to the 
non-British reader. In compressing a 
mass of material into a small compass, 
mistakes are inevitable; Kirwan has 
committed very few. The volume 
should be on the bookshelf of everyone 
who is interested in polar exploration, 
general reader and specialist alike. 

H. M. DATER 

Department of Defense, 
Washington, D.C. 


China. Its people and its society and 
culture. Chang-tu Hu et al. Hraf 
Press, New Haven, Conn., 1960 (dis- 
tributed by Taplinger, New York). 
xiv + 611 pp. $10. 


For those who are interested in gen- 
eral knowledge about China, and espe- 
cially for those who teach college 
courses on Chinese society and culture, 
there has long been the need for a com- 
prehensive volume which would give a 
systematic presentation of Chinese so- 
ciety and culture in terms of its tradi- 
tional pattern and its present shape 
of development. Unfortunately, almost 
without exception, the extant books 
that represent comprehensive surveys 
of China were written in the pre-Com- 
munist period and, largely, contain pre- 
World War II data. Their main body 
of information is at least 20 years old, 
while China has been radically trans- 
formed in a decade of Communist rule. 
Some old works have undergone recent 
revisions, but revision to change a 
form that has been firmly cast has ob- 


vious limitations. There are indeed 
many recent books on_ present-day 
China, but they are devoted mostly to 
one or another aspect of that country, 
and give the reader only a partial pic- 
ture without an over-all perspective. In 
the light of this situation, this volume 
constitutes a distinctive and welcome 
contribution. 

The comprehensiveness of the vol- 
ume’s contents is seen in its extensive 
coverage: historical résumé, geography 
and population, ethnic groups, linguistic 
systems, social organization, such so- 
cial institutions as religion, family, gov- 
ernment, economy, health and welfare, 
education, science and technology, art 
and intellectual expression, and infor- 
mation on mass communication, values 
and patterns of living, and national 
attitudes. All these aspects, with the 
exception of certain segments of the 
government and economy, are treated 
with comparisons between the tradi- 
tional order and its recent transforma- 
tions under Communist rule. The suc- 
cess of such a comprehensive treat- 
ment of a complex society with a vast 
population and deep historical roots 
is due in no small measure to the 
authors’ unique opportunity to utilize 
the extensive resources of the Human 
Relations Area Files and the documents 
from the Files’ subcontract projects on 
China. The success is due also to the 
fruitful use of the interdisciplinary ap- 
proach by the authors, each of whom is 
a specialist on some aspect of China’s 
society and culture. The volume shows 
a high degree of technical competence 
in its treatment of such subjects as 
ethnic groups, linguistic systems, the 
family, foreign relations, and education, 
and especially in its presentation of dif- 
ferent facets of the Communist econ- 
omy, which fills almost one-fifth of the 
volume. Such a task would have been 
extremely difficult for any single author 
to accomplish. 

The value of the work would: have 
been enhanced if, in the treatment of 
such subjects as religion and social or- 
ganization, more consideration had 
been given to existing contributions in 
these fields. But as it stands, the volume 
has no counterpart as a work combin- 
ing comprehensiveness with up-to-date 
information on an_ interdisciplinary 
basis, and, as such, it meets a long-felt 
need in the field of area studies. 

C. K. YANG 
Department of Sociology, 
University of Pittsburgh 
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Sechzig Jahre medizinische Radiologie. 
Probleme und Empirie. Hans R. 
Schinz. Thieme, Stuttgart, 1959 
(order from Intercontinental Medi- 
cal Book Corp., New York). 275 pp. 
Illus. $4.65. 


This little booklet was received at 
Munich with great enthusiasm by the 
several thousand participants in the 9th 
International Congress on Radiology 
(1959). Written by invitation, the book- 
let presents the story of the first 60 years 
of clinical radiology in very fine essays, 
giving a short survey of the problems as 
well as some stimulating sketches of the 
early personalities working in the field. 
This parade of the great “pioneers of 
radiology” is impressive; it creates 
curiosity and anxiety about progress 
during the next 50 years, although the 
start made by the younger generation 
has been so favorable. 

A. T. KREBS 
Biology Department, University of 
Louisville, and Radiobiology Division, 
U.S. Army Medical Research 
Laboratory 


Handbook of Industrial Research Man- 
agement. Carl Heyel, Ed. Reinhold, 
New York; Chapman and Hall, Lon- 
don, 1959. xvii + 513 pp. $12. 


The Handbook of Industrial Research 
Management is a most timely publica- 
tion; industrial research has grown in 
an explosive manner to the point that 
“it is now big business.” Carl Heyel, 
editor of the volume and author of its 
first chapter, points out that the man- 
agement of industrial research has 
proved to be the most difficult of the 
responsibilities entrusted to company 
executives. Because industrial research 
has grown on a concurrent basis in 
many industrial areas, there has not yet 
been adequate time for establishing ac- 
cepted principles of management. In 
fact, misunderstanding of the entire field 
is caused not only by a lack of recog- 
nition of its problem but by a lack of 
commonly understood terminology. 

The 35 contributors to the Handbook 
are some of our most experienced man- 
agers of industrial research and con- 
sultants on management. In spite of 
the large number of contributors and 
the difficulty of the field, Heyel has 
managed to organize a very worthwhile 
book. Under the circumstances, one 
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would expect that various portions of 
the book would treat the subjects in a 
manner that is not entirely consistent. 
There is, however, recognition through- 
out the treatment that trying to force 
research into fixed patterns or attempt- 
ing to schedule or to price research for 
the sake of establishing appearances of 
good management can be dangerous or 
impractical. In the first chapter, Heyel 
gives a comprehensive treatment of the 
entire group of problems facing indus- 
trial research. The remaining chapters 
are written by specialists from each area 
and cover comprehensively the entire 
field from basic research to product 
development, from keeping top man- 
agement informed to meeting day-by- 
day schedules, and from budgeting to 
accounting. The book will serve com- 
pany management and industrial re- 
search management in two ways: it 
provides ready reference material, and 
it is stimulating for purposes of self- 
examination. 

The editor has carefully avoided 
semantic discussions, a trap that besets 
most writers on research management. 
Nevertheless, he has not escaped the 
problem. In the chapter on basic re- 
search, Mervin Kelly clearly creates the 
atmosphere appropriate to the chapter 
title; elsewhere the words research and 
development are understood to loosely 
indicate all technical work short of 
assisting in the day-to-day problems of 
manufacturing. In one section of the 
book, about the process industry, the 
term research covers the establishment 
of pilot plants and, in one instance, the 
design of a processing plant and its 
operation during debugging phases. The 
editor and contributors seem to avoid 
defining engineering; apparently the 
glamour of the words research and 
R&D is too important to neglect. To 
the extent that the reader is mature and 
can keep himself straight, these short- 
comings do not detract from the book. 
On the other hand, references to tables 
and other statistical data, or justification 
of any degree of budgeting on the basis 
of information obtained from the book, 
are dangerous without a careful review 
of what the specific table, paragraph, or 
chapter means. The editor and the 
authors cannot be blamed for this; they 
have done a herculean job. It is unfortu- 
nate that industrial research directors 
themselves have not arrived at mean- 
ingful terminology so that words like 
industrial research, development, prod- 
uct engineering, process engineering, 


general engineering, and manufacturing 
engineering might be characterized by 
the exactness that professional scientific 
people normally give to words. 

IvAN A. GETTING 
Raytheon Company, 
Waltham, Massachusetts 


Russian-English Geographical Encyclo- 
pedia. I. Telberg. Telberg Book Co., 
New York, 1960. x + 142 pp. $9.80. 


This work, despite its title, is ‘a 
gazetteer; it lists about 1300 Soviet 
place names, with brief descriptions. It 
is basically a translation of the entries 
pertaining to the Soviet Union given in 
the second edition of M. S. Bodnarskii’s 
Slovar’ geograficheskikh nazvanii [Dic- 
tionary of Geographic Names (Mos- 
cow, 1958)]. However, the text for a 
number of entries has been condensed. 
No attempt has been made to evaluate 
the data in the Soviet source or to pre- 
sent additional information. 

The publication is mimeographed on 
legal-size paper. The place names are 
given in Russian characters and are 
arranged according to the Russian al- 
phabet. Each name is followed by a 
brief description in English, including 
a transliteration of the place name. An 
English index to place names and a 
map of the Soviet Union are included. 

The population figures are taken 
from the 1956 official Soviet estimates 
rather than from the results of the 
1959 census. Heights of mountains and 
lengths of rivers are given in metric 
units. 

In translating and condensing, some 
shifts in meaning have been made. 
Thus, in the Russian original under 
Kiev we find: “During the German 
occupation, was heavily damaged. Now 
restored and expanded.” The transla- 
tion reads: “Was destroyed in World 
War II. Rebuilt.” 

This book does not provide as full 
coverage of Soviet place names as the 
Columbia-Lippincott Gazeteer cf the 
World, but it does give more recent 
population figures. The encyclopedia 
has some entries (particularly for rivers) 
that do not appear in Webster’s Geo- 
graphical Dictionary. It may have 
some value as a quick reference aid if 
the other dictionaries are not available. 

Boris I. GOROKHOFF 
Slavic and Central European Division, 
Library of Congress . 
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Plant Pathology. An advanced treatise. 
J. G. Horsfall and A. E. Dimond, 


Eds. vol. 1. The Diseased Plant. 
Academic Press, New York, 1959. 
xiv + 674 pp. Illus. $22. 


The art and the science of plant 
pathoiogy have come a long way since 
F. Lamson-Scribner’s modest 138-page 
book, Fungus Diseases of the Grape 
and Other Plants and Their Treatment, 
appeared in 1890 as the first American 
book dealing with plant diseases. In the 
volume under review, the editors and 
their collaborators needed nearly 700 
pages to present the available data on 
the subject of diseased plants, and this 
is only one of a proposed three-volume 
work on the general subject of plant 
pathology. Succeeding volumes in the 
series will bear the titles The Pathogen 
and The Diseased Population. 

As stated by the editors, “The pur- 
pose of this comprehensive treatise is to 
present an integrated synthesis of the 
parts of plant pathology. It is designed 
for the creative worker not for the be- 
ginning student. Many books discuss the 
specific diseases of plants but this work 
does not. Rather it treats of the con- 
cept of disease, not of diseases.” 

Nineteen phytopathologists (includ- 
ing the editors), all of whom are recog- 
nized specialists along the lines of their 
several contributions, supplied the 15 
chapters making up the first volume. 
Horsfall and Dimond introduce the 
subject of the diseased plant by cover- 
ing such points as “What is plant pathol- 
ogy, what is disease, and the impact 
of plant disease on society.” J. G. Ten 
Houten and G. W. Keitt present ade- 
quate accounts of the scope and con- 
tributions of plant pathology and of the 
history of the science. K. Starr Chester 
discusses the many points necessary to 
answer the question: “How sick is the 
plant?” Six chapters are devoted to the 
major manifestations of disease—name- 
ly, the disintegration of tissue, abnor- 
mal effect on growth and reproduction, 
starvation, water deficiency, and altera- 
tion of the respiratory pattern. The sev- 
eral authors have handled their subjects 
skillfully and adequately. 

Other vital aspects of the behavior of 
diseased plants are covered in authori- 
tative chapters on the histology of de- 
fense in plants, the physiology and bio- 
chemistry of defense, hypersensitivity, 
and predisposition. In a final chapter 
on therapy, F. L. Howard and J. G. 
Horsfall present a thought-provoking 
account of disease control; they pay 
special attention to topical and systemic 
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chemotherapy, both still somewhat con- 
troversial aspects of the subject. Each 
chapter concludes with a comprehen- 
sive series of citations to the literature 
reviewed in the text so that ready refer- 
ence can be made to any point on 
which further detail is desired. In a 
general work of this nature, dealing to 
a very considerable extent with abstract 
matters, a detailed subject index is nec- 
essary, and this volume has been pro- 
vided with a 50-page index. 

The editors and their collaborators 
have succeeded admirably in presenting 
a scholarly study of an important field 
of human activity. This three-volume 
series, international in its scope and 
preparation, presents a firm foundation 
on which to erect a superstructure of 
future research. 

JoHN A. STEVENSON 
Crop Research Division, 
Beltsville, Maryland 


Arizona Place Names. Will C. Barnes. 
Revised and enlarged by Byrd H. 
Granger. University of Arizona Press, 
Tucson, 1960. xix + 519 pp. Illus. 


This volume provides a list of place 
names arranged alphabetically by coun- 
ties. The entries vary in length from a 
page or more (for the history of a 
county) to a few lines (for Mule Shoe 
Bend and Parrissawampitts Spring), and 
provide the following information: loca- 
tion, elevation, pronunciation, descrip- 
tion, references to volumes containing 
further information. A bibliography and 
an alphabetical index are provided. The 
pronunciation guide was worked out 
by C. F. Voegelin, head of the depart- 
ment of anthropology at Indiana Uni- 
versity. 


New Books 


Bibliography and Reference 


Council for Science. Directory of Scien- 
tific Institutions in Indonesia. The Coun- 
cil, Djakarta, Indonesia, 1959. 80 pp. This 
directory, the first publication in the Coun- 
cil’s bulletin series, provides information 
about approximately 105 scientific institu- 
tions in the country. 

Deutschen Akademie der Wissenschaf- 
ten zu Berlin. Tdatigkeitsbericht der For- 
schungsgemeinschaft der Naturwissen- 
schaftlichen, Technischen und Medizini- 
schen Institute, 1957-58. The Academy, 
Berlin, 1959. 254 pp. 

Hyman, Charles, Ed. German-English 
Mathematics Dictionary. Interlanguage 
Dictionaries, New York, 1960. 131 pp. 

National Academy of Sciences. Bio- 


graphical Memoirs. vol 34. Columbia 
Univ. Press, New York, 1960. 373 pp. $5. 
Contains biographical memoirs of W. E. 
Bachmann, R. A. Daly, B. Davis, G. A. 
Hulett, C. F. Kettering, M. S. Kharasch, 
O. Meyerhof, J. B. Murphy, J. U. Nef, 
L. V. Pirsson, C-G. A. Rossby, Florence 
R. Sabin, L. B. Stillwell, J. R. Swanton, 
and W. R. Whitney. 

Royal Society of London. Year Book, 
1960. The Society, London, 1960. 302 pp. 

Tremaine, Maries, Ed. Arctic Bibliog- 
raphy. vol 8. Prepared under the direction 
of the Arctic Institute of North America. 
Department of Defense, Washington, D.C., 
1959 (order from Supt. of Documents, 
GPO, Washington 25). 1336 pp. $4.75. 
Volume 8 abstracts and indexes the con- 
tents of 5623 publications relating to the 
arctic areas and to low-temperature con- 
ditions. Of the publications abstracted in 
this volume, 2762 are in English and 1489 
are in Russian; about four-fifths of the 
publications are dated between 1950 and 
1956. 

Walford, A. J., Ed. Guide to Reference 
Material. Library Association, London, 
1959 (order from Bowker, New York). 
551 pp. $12. The Guide provides an anno- 
tated list (approximately 3000 entries) of 
the leading reference books and bibliog- 
raphies. Emphasis is placed on current 
publications, particularly British. 

The World of Learning 1959-60. Eu- 
ropa Publications, London, ed. 10, 1960. 
1234 pp. $23.50. Edition 10 follows the 
familiar format of the earlier editions; 
it covers 140 countries and territories, 
providing information about academies, 
learned societies, research institutes, 
libraries and archives, museums and art 
galleries, universities, colleges, and tech- 
nical institutes. There is an alphabetical 
index of institutions. 


Mathematics, Physical Sciences, 
and Engineering 


Allen, Donald S., and Richard J. Ord- 
way. Physical Science. Van Nostrand, 
Princeton, N.J., 1960. 836 pp. $8.25. 

Easton, W. H. Invertebrate Paleontol- 
ogy. Harper, New York, 1960. 713 pp. 
$10. 

Goldsmid, H. J. Applications of Thermo- 
electricity. Methuen, London; Wiley, New 
York. 1960. 133 pp. $2.25. 

Gregory, Robert H., and Richard L. 
Van Horn. Automatic Data-Processing 
Systems. Principles and procedures. Wads- 
worth, San Francisco, 1960. 715 pp. 

Reid, Constance. Introduction to Higher 
Mathematics for the General Reader. 
Crowell, New York, 1959. 191 pp. $3.50. 

Washtell, C. C. H. An Introduction to 
Radiation ‘Counters and Detectors. Philo- 
sophical Library, New York, 1960. 115 
pp. $7.50. 

Westbrook, J. H., Ed. Mechanical Prop- 
erties of Intermetallic Compounds. A sym- 
posium (1959). Wiley, New York, 1960. 
444 pp. $9.50. 

Wisser, Edward. Relation of Ore Depo- 
sition to Doming in the North American 
Cordillera. Memoir 77. Geological Soc.. of 
America, New York, 1960. 127 pp. 

Yoder, E. J. Principles of Pavement 
Design. Wiley, New York; Chapman and 
Hall, London, 1959. 585 pp. $13.25. 
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Identification of Insecticides and 
Acaricides by Comparative Bioassay 


Abstract. Toxicants in purified form can 
be identified by applying a base dose, con- 
sisting of the amount causing 50-percent 
mortality in one organism, to other sus- 
ceptible organisms. This yields a mortality 
pattern which “fingerprints” the com- 
pound. Toxicants related by chemical 
structure or biological activity tend to 
possess similar mortality patterns. 


Suitably sensitive, accurate, and 
rapid methods for qualitative determi- 
nation of pesticides are needed. Bio- 
assay procedures have desirable fea- 
tures but, almost without exception, 
only for quantitative determination of 
known toxicants. This report (J) out- 
lines a bioassay method that shows 
promise with highly purified toxicants. 

It has been suggested that limited 
identification of chemically related 
pesticides could be made by observing 
their rate or type of action. Sun (2) 
suggested that organophosphorous com- 
pounds could be differentiated as a class 
from chlorinated hydrocarbons by their 
faster rate of action in houseflies. 
Davidow and Sabatino (3)  distin- 
guished chlordane and related cyclodi- 
enes from unrelated chlorinated hydro- 
carbons by the characteristic rates of 
response of goldfish. Laug (4) could 
differentiate the gamma isomer from 
other isomers of benzene hexachloride 
by comparing the relative toxicity to 
the housefly. Burchfield and Storrs (5) 
noted differences in the photomigration 
response of mosquito larvae affected 
by different toxicants. The methods 
developed thus far seem to be limited 
to separation within a known and re- 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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Reports 


stricted group of toxicants, or between 
groups of compounds widely different 
in chemical composition and biological 
activity. 

It is well known that there are large 
differences in the susceptibility of or- 
ganisms to pesticides. This is a sub- 
stantial factor in the development of 
the great variety of insecticides and 
acaricides in current use. Busvine and 
Barnes (6) showed these differences 
experimentally but did not utilize them 
for qualitative determination of toxi- 
cants. The method reported here is 
based on such differences, in four quite 
unrelated (and presumably physiologi- 
cally different) organisms. 

The four test organisms were the wild 
strain of the pomace fly, Drosophila 
melanogaster Meig.; the rusty grain 
beetle, Cryptolestes ferrugineus Step- 
hens; a stored-products mite, Tyropha- 
gus putrescentiae Schrank; and the 
brine shrimp Artemia salina Leach. 
Drosophila has been widely used by a 
number of investigators for quantitative 
determination of at least 13 pesticides. 
Cryptolestes has not been used previ- 
ously for bioassays, though other 
beetles from stored grain (Tribolium 
spp.) have been. Tyrophagus has not 
been tested as a bioassay organism, but 
acaricides have been evaluated against 
it (7). Artemia has been used as a 
test organism in the bioassay of nine 
toxicants (8). 

To insure uniformity, methods of 
obtaining and exposing the test organ- 
isms were standardized as far as pos- 
sible. Drosophila adults were obtained 
within 24 hours of emergence (9). 
Cryptolestes were removed from cul- 
tures at intervals such that adults 4 
days old or less were obtained. These 
organisms were exposed, at 78°F in 
the dark, to a dry film of toxicant on 
the bottom of 1.25-0z. salve jars. Eval- 
uations were made at 24 hours, with 
a further reading at 48 hours for 
Cryptolestes. The method of exposure 
for Artemia and Tyrophagus is given in 
detail elsewhere (10), time of exposure 
for these organisms being 24 hours. 

Dosage-mortality relationships were 
developed by the log-probit method 
outlined by Finney (J/).  Thirty- 
one insecticides and specific acaricides 


in highly purified form were tested. 
These included the majority of pesti- 
cides in common use and also a few 
less well known ones because of their 
close chemical relationship to more 
common toxicants. 

Log dosage-probit mortality regres- 
sion lines can be used in a number of 
ways as a possible means of distin- 
guishing toxicants. The angle of the 
slope of the line is typical for a given 
toxicant for any particular organism 
under standard conditions. It should 
also be possible to develop a typical 
toxicity ratio at the LDs level, the 
amount required for this degree of ef- 
fectiveness in various organisms being 
compared with the LDw dosage for a 
base organism. Such methods were re- 
jected because they require developing 
a regression line anew for each organ- 
ism every time an unknown is tested, 
though these methods could be used 
in extremely difficult cases. 

The method tested was that of estab- 
lishing a base dose of an unknown toxi- 
cant in solution for one organism at the 
LD» level. This dose was then applied 
to the other three organisms so as to 
yield specific mortalities within calcu- 
lable limits. Thus, by starting with a 
standard dose, a compound could be 
“fingerprinted” by its effect on other 
organisms. With this method any of 
the organisms that is suitably sensitive 
will serve to establish a base dose. If 
the compound is sufficiently specific in 
its toxicity for several organisms, it can 
be separated on the first application of 
the dose standardized at the 50-percent 
mortality level for one of the organ- 
isms. Drosophila appears to be the 
most useful of the organisms tested for 
establishing a base dose for most toxi- 
cants. Exceptions are the specific acari- 
cides, which do not affect Drosophila. 

Figure 1 illustrates the separation of 





% MORTALITY 


----#---- =Artemio ——<+— =Tyrophogus 
----— =Cryptolestes (24 hr. knockdown) 
~~ -«-- =Cryptolestes (48h. mortality) 


Fig. 1. Toxicity, for three organisms, of 
seven insecticides at the LDs level for 
Drosophita. 
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some representative pesticides (/2) 
when the LD» for Drosophila was 
used as the base dose. The vertical ex- 
tension of each percentage of mortality 
represents the 95-percent confidence in- 
terval under our test conditions. It is 
obvious from this example that even 
closely related pesticides can be dis- 
tinguished. For instance, with the Dro- 
sophila base dose, aldrin can be readily 
distinguished from dieldrin by its effect 
on the mite Tyrophagus. Allethrin can 
be confused with these two toxicants 
when tested on the basis of this single 
criterion, but clarification occurs in the 
effect of these toxicants on Artemia 
and Cryptolestes. Needless to say, 
there are instances where careful cross- 
checking of the effectiveness in all or- 
ganisms is necessary to separate the 31 
compounds tested; this can be done by 
selecting a different organism to estab- 
lish a base dose. 

Certain toxicants tend to separate 
out as groups; this indicates a chemical 
relationship or suggests similarity in 
mode of action. Chlordane and related 
cyclodiene derivatives form — similar 
mortality patterns, as do several organ- 
ophosphorus compounds. In like man- 
ner, all the specific acaricides affect 
only Artemia and Tyrophagus. 

It will usually be necessary to re- 
move waxes and other interfering sub- 
stances from plant extracts before us- 
ing this method. It is hoped that this 
procedure can be used for identification 
of an unknown toxicant, subject to 
confirmation by chemical procedures. 

ROBERT F, HARwoop 

SUTHARM AREEKUL* 
Department of Entomology, 
Washington State University, Pullman 
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Temperature Fluctuations 
Accompanying Water Movement 
through Porous Media 


Abstract. Temperature measurements 
were made at localized sites in bentonite, 
kaolinite, and small glass beads during 
infiltration. The temperature of the 
medium was observed to rise gradually 
and then to drop sharply as the infiltrat- 
ing water approached and reached the 
measurement site. Temperature fluctua- 
tions were observed to be about 9°C for 
bentonite, 4°C for kaolinite, and 0.1°C 
for the glass beads. 


The detection of water movement at 
localized sites in porous media, though 
frequently difficult, is usually possible. 
Determining whether the water arrives 
as a vapor or as a liquid is much more 
difficult, and often may be impossible. 
Velocity measurements which distin- 
guish between liquid flow and vapor 
flow are even more complicated, but 
these measurements are precisely what 
is needed to investigate the kinetics of 
water movement in unsaturated porous 
media. 

This is an old problem and one 
which received the early attention of 
soil physicists, although a satisfactory 
solution is still lacking. Apparently, 
Bouyoucos (1) was the first to place an 
air gap in the medium to distinguish 
liquid and vapor movement of water in 
soils. He arranged the apparatus con- 
taining the soil so that water vapor 
could diffuse unimpeded across a small 
air gap which completely interrupted 
liquid flow. This method was also used, 
with some modification, by Lebedeff (2) 
and by Taylor and Cavassa (3). By 
measuring the change in the distribution 
of a small amount of salt added to the 
medium, Gurr et al. (4) distinguished 
vapor flow from liquid water flow. More 
recently, Rollins et al. (5) used an ex- 
ternal capillary on a closed soil-water 
system to measure vapor movement in- 
duced by temperature gradients. Meas- 
urements were taken at the steady state 
when the liquid flow through the capil- 
lary was presumed to equal the vapor 
flow through the unsaturated soils. In 
an excellent review of the whole prob- 
lem of water and heat flow through 
unsaturated media, Philip and deVries 
(6) have discussed the experimental 
procedures and results of these investi- 
gations. They concluded that experi- 
mental methods have not satisfactorily 
distinguished between liquid and vapor 
transfer because of various complica- 
tions inherent in each of the methods. 

The measurement of temperature 
fluctuations due to the heat effects ac- 
companying phase changes offers a 
means of differentiation and measure- 
ment of vapor and liquid flow. Let us 
visualize a liquid front advancing 


through a porous medium. Water 
molecules continually evaporate from 
the liquid and diffuse into the voids 
ahead, colliding with and being sorbed 
by the medium. Thus, one may predict 
that the advancing liquid front will be 
cooled, and that the medium ahead of 
the liquid front will be warmed. Hence, 
a temperature sensor located ahead of 
an advancing liquid front should show 
a gradual temperature rise due to sorp- 
tion and condensation of water vapor 
followed by an abrupt temperature 
drop due to the arrival of the cooled 
liquid front. 

To check the validity of this predic- 
tion, a series of experiments was per- 
formed. Ultrasmall thermistors and a 
potentiometer of high sensitivity made 
the experiments possible. Bentonite, 
kaolinite, and glass beads (7) were used 
as the porous media. Several small, 
cylindrical, Plexiglas sample holders 
were fabricated with provisions for 
embedding the thermistors in the me- 
dium during the preparation of an ex- 
periment and for controlling the intro- 
duction of water. Thermistor circuits 
which generated self-heating effects of 
less than 0.01°C were used in all the 
experiments. During the course of an 
experiment, voltage drops across the 
thermistors were continuously moni- 
tored by a two-pen Bristol recording 


31.0 


30.5) 


30.0 


THERMISTOR TEMPERATURE (°C) 








29.0 i ! ! n ! ! 
ie) 





3 
TIME (min.) 


Fig. 1. Temperature-time curves taken at 
two sites in a kaolinite sample during in- 
filtration by water. The curves were ob- 
tained by means of two thermistors em- 
bedded in the kaolinite sample. The tem- 
perature sensed by the thermistors is the 
ordinate and the time required for each 
thermistor to respond after the introduc- 
tion of the water is the abcissa. The 
thermistor nearest the source of the in- 
filtrating water gave the first response. 
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potentiometer. The experiments were 
done in an air bath at constant tem- 


perature; all materials were brought to . 


constant temperature before each trial. 

The result of an experiment with 
kaolinite, which is typical of all the 
experiments so far conducted, is shown 
in Fig. 1. The kaolinite was contained 
in a vertical, plastic cylinder (1.5 cm 
inside diameter and 6 cm long); it was 
supported in the cylinder by a porous 
glass wool plug. At the time the 
cylinder was filled, two thermistors 
were embedded in the kaolinite, one 
5 mm and the other 10 mm from the 
sample top. The clay was gently packed 
into the sample holder and around the 
thermistors by means of a small me- 
chanical vibrator held against the walls 
of the holder. So far, there has been 
no attempt to achieve truly uniform 
compaction in the several experiments. 
Deionized water under a 5 mm falling 
head was introduced at the top of the 
sample and allowed to percolate down- 
ward. The temperature of the water, 
sample, and sample holder was brought 
to 30°C at the beginning of the experi- 
ment in a thermostated chamber which 
was maintained constant + 0.01°C 
throughout the experiment. 

The temperature-time curves, shown 
in Fig. 1, substantiate the prediction 
made above, and can be interpreted in 
terms of the physical processes postu- 
lated. The erratic behavior of the ther- 
mistors after the abrupt temperature 
drop is due possibly to imperfect in- 
sulation of the thermistor leads. 

Experience has shown that the mag- 
nitude of the temperature fluctuations 
can be correlated, at least qualitatively, 
with the kind of medium and its specific 
surface. The velocity of movement 
seems to be determined largely by the 
kind of porous medium and its degree 
of compaction. On wetting, some media 
shrink and some swell, causing either 
cracking or heaving which markedly 
affects the results. However, for the 
three porous media studied, every trial 
resulted in a curve having the same 
characteristics. Temperature fluctua- 
tions ranged from about 0.1°C for the 
glass beads and about 4°C for kaolinite 
to about 9°C for Arizona bentonite. 

Since the color of all the porous 
media darkened on wetting, the visually 
observed arrival of the liquid front 
could be correlated directly with the 
abrupt drop in temperature. But, in 
order to verify this observation, a series 
of trials was made in which the in- 
filtrating liquid was a solution of 
sodium chloride instead of deionized 
water. At various stages of the process, 
2- or 3-mg samples of the medium were 
taken by a microspatula at different 
distances from the liquid source and 
analyzed for water content and for the 
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presence of the chloride ion (8). It 
was shown conclusively that (i) the 
water content at the thermistor site in- 
creased during the initial temperature 
rise, (ii) the chloride ion was not 
present at the thermistor site until the 
temperature began to level off just be- 
fore tie sharp drop, and (iii) practi- 
cally complete saturation of the medium 
at the thermistor site had occurred by 
the time the temperature began to drop 
sharply. 

If chloride ion is transported only 
in the liquid phase, the evidence seems 
conclusive that the initial temperature 
rise is due to water vapor sorption. The 
arrival of chloride ion at the thermistor 
site when the temperature decrease 
first becomes apparent may be regarded 
as proof that the temperature drop is 
due to the arrival of the liquid front. 
The results of these experiments and 
careful visual inspection have indicated, 
however, that the liquid front does not 
have a clearly defined boundary. Ap- 
parently, films and fingerlike extensions 
race ahead of the nearly saturated zone. 

Our principal conclusions are: (i) 
The movement of water through an 
unsaturated porous medium is not an 
isothermal process as is generally as- 
sumed. (ii) The movement of water— 
and likely other fluids—through un- 
saturated porous media can be studied 
to advantage by observing the heat 
effects accompanying the fluid phase 
changes. It appears that the theoretical 
treatment of infiltration and similar 
processes should consider the energy 
transfer implied by these experiments. 
The energy transfer ahead of the fluid 
by the diffusing vapor and heat flow 
due to temperature gradients appear 
to be important considerations (9). 

DuwayYNE M. ANDERSON 
A. LINVILLE 
Department of Agricultural 
Chemistry and Soils, 
University of Arizona, Tucson 
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Tympanic Muscles and Control of 
Auditory Input during Arousal 


Abstract. A reticular stimulation pro- 
ducing a powerful arousal reaction de- 
creases the potential in the cochlear nu- 
cleus evoked by a click. This reduction re- 
sults from the contraction of the middle 
ear muscles, which lessens the pressure 
transmitted to the cochlea, and is not due 
to a direct neural inhibitory effect at the 


level of the first synapse of the auditory 
pathway. 


Three years ago, Hernandez-Peon, 
Scherrer, and Jouvet published a note 
showing that the electrical responses 
evoked by clicks in the dorsal cochlear 





Fig. 1. Microphonic potential recorded on 
the round window in response to pips 
(0.25 kcy/sec) before, during, and 1, 
5, and 10 seconds after a supramaximal 
mesencephalic reticular stimulation (150 
pulses per second, 6 volts). 
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nucleus of the cat are depressed during 


attentive behavior (/). The authors 
attributed this effect to a reticular acti- 
vating influence, based on the fact that 
they had observed a similar reduction 
of the dorsal cochlear nucleus poten- 
tial in “encéphale isolé” cat, during 
reticular stimulation. It was therefore 
deduced that transmission in the first 
synapse of the acoustic pathway is in- 
hibited by reticular discharges. This 
deduction provided the basis for an 
attractive theory, according to which 
reticular formation controls the first 
synapses of all sensory pathways (2). 

However, our experiments have 
shown that injections of curare made in 
the “encéphale isolé” preparation sup- 
press the reduction in amplitude of the 
dorsal cochlear potential induced by 
reticular stimulation. This suggests that 
tympanic muscles are responsible for 
the reduction of the response of the 
cochlear nucleus during arousal. 

Reduction in amplitude of the micro- 
phonic potential recorded on the round 
window of the cochlea is the classical 
test of the contraction of middle ear 
muscles; since mesencephalic reticular 
stimulation induces this reduction (Fig. 
1), it can be assumed that the reticular 
excitation controls sound transmission 
at the middle ear level by way of tym- 
panic muscles. These muscles mechani- 
cally attenuate the pressure transmitted 
from the eardrum to the oval window 
through the ossicular chain and lessen 
the amplitude of acoustic stimuli reach- 
ing the cochlea. 

After disinsertion of the tympanic 
muscles from the middle ear ossicles, 
reticular stimulation fails to induce any 
diminution of the cochlear response. 
Figure 2 shows potentials evoked simul- 
taneously in the left and right cochlear 
nuclei. The responses recorded from 





the side which has intact middle ear 
muscles are reduced by reticular stimu- 
lation (lower beam) but are not modi- 
fied on the side where stapedius and 
tensor tympani have been removed 
(upper beam). This implies that no 
inhibition of reticular origin takes place 
at the first relay of auditory pathways 
and that reduction in amplitude of 
cochlear nucleus potentials is a purely 
passive phenomenon. 

From the point of view of motricity, 
the delay, evolution, and control of the 
contractions of tympanic muscles, un- 
der reticular stimulation, can be com- 
pared with the delay, evolution, and 
control of other motor facilitations in- 
duced by reticular activation. Further- 
more, observation of the “encéphale 
isolé” cat’s face during the reduction 
of the cochlear nucleus response by 
reticular excitation shows the pattern 
of muscular contraction such as has 
been described by Hess (3) as the 
facial component of the “tegmental 
motor reaction” of Thiele. Therefore 
the reticular control of auditory input 
may be understood to be the result of 
an infraliminal reflex facilitation, be- 
longing to a generalized motor reac- 
tion (4). 

Considered from the point of view 
of auditory sensation, contractions of 
tympanic muscles appear unimportant. 
Our experiments have shown that the 
diminution of microphonic potentials 
has never been greater than 13 db. Even 
in the case of reticular stimulation with 
powerful arousing action on the corti- 
cogram, the mean reduction registered 
was still under 5 db. This would explain 
that near-threshold responses only are 
reduced by reticular stimulation at the 
cochlear nucleus level. Therefore, in 
normal conditions of wakefulness, the 
reticular control of auditory input ap- 


2V. 


Fig. 2. Dorsal cochlear nucleus potential evoked by juxtaliminal clicks each second. 


Suppression of the attenuating reticular effect (2 volts, 300 cy/sec) on one side (upper 


beam) by cutting the tendons of tensor tympani and stapedius. Positivity upwards. 
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pears no more important than other 
aleatory modifications occurring through 
active behavior (masking effect, head 
orientation, and so forth) (5). 
A. HUGELIN 
S. DUMONT 
N. PAtLias 
Ho6pital Henri Rousselle, Paris, France 
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Technique for the Study of 
Alternate Metabolic Pathways; 
Epinephrine Metabolism in Man 


Abstract. A general method of determin- 
ing the relative magnitudes of different 
pathways of formation of a_ urinary 
metabolite from a single precursor sub- 
stance is described. The method requires 
the administration of the precursor and 
an intermediate labeled with different 
isotopes, and the determination of the 
ratio of the isotopes in the metabolites. 
A preliminary application to epinephrine 
metabolism in man is presented. 


The metabolic conversion of one 
compound to another, through more 
than one pathway, presents a special 
problem with regard to ascertaining 
the relative magnitude of each of the 
pathways. When an intermediate com- 
pound is also a major excretion prod- 
uct, it is possible to state which is the 
major pathway (/). This, however, 
introduces unnecessary variances, since 
more than one experiment is required, 
and it is not possible to appraise the 
extent to which each pathway is used 
or to determine the proportion of a 
final metabolite formed via a given 
pathway. 

The present report shows that this 
information can be obtained in vivo, 
under different conditions or disease 
states, in a single experiment, by ad- 
ministering, simultaneously, compounds 
appropriately labeled with different 
isotopes and determining the ratios of 
the isotopes found in each of the ex- 
creted metabolites. When the total 
radioactivity in each metabolite can 
also be determined, the magnitude of 
each of the pathways may be expressed 
in terms of a percentage of the pre- 
cursor substance. The development of 
a convenient method for the simultane- 
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ous determination of H’* and C™ (2) 


has overcome many of the technical © 


difficulties, and the principles of the 
method here described should find wide 
application in the study of alternate 
metabolic pathways. As an example of 
the type of problem encountered, and 
its solution by. the double labeling tech- 
nique, the metabolism of epinephrine has 
been studied, by using epinephrine-7-H* 
and metanephrine-methoxy-C™. 

Epinephrine can be metabolized by 
both monoamine oxidase (3) and O- 
methyltransferase (4). Figure 1 sum- 
marizes the known pathways of metab- 
olism of epinephrine in man. The 
metabolites that have been shown to 
be present in urine (5) as well as 
probable intermediates, are indicated. 
The rate constants of the reactions are 
designated by Kxy, where the subscripts 
refer to the precursor X and the prod- 
uct Y. The fraction of a metabolite 
entering any given reaction can be 
shown to be equal to the rate constant 
of that reaction divided by the sum of 
the rate constants of all the reactions 
(or transfers) through which the sub- 
stance leaves its metabolic pool. The 
fraction of epinephrine converted to 
metanephrine is 


Kr 
Kew + Kev + Kec + Kev + Kuo 





fro = 


and the fraction of metanephrine con- 
jugated is 


Kurc 
Kuo + Karu + Kutt 





fuo = 


The product of these fractions is the 
portion of an administered dose of 
epinephrine that would be excreted as 
conjugated metanephrine. If epi- 
nephrine-7-H’ were administered, the 
amount of tritium excreted as conju- 
gated metanephrine-7-H® would be 
fu * fro H’s (where H’ is the total 
tritium in the epinephrine given). 
Similarly, the proportion of C's, ad- 
ministered as metanephrine-methoxy-C", 
excreted as the conjugate would be 
fro * Co (where C™s is the administered 
dose). The H’/C™ ratio in conjugated 
metanephrine after all radioactivity has 
been excreted would therefore be: 


3 


H’ oc ma 
Le] conjugated be fax C's ( : ) 


metanephrine 


Since H'*o/C"s is known, the fraction of 
epinephrine metabolized to metanephrine 
can be calculated. 

The total H* and C” present in 
3-methoxy-4-hydroxymandelic acid 
(VMA) and 3-methoxy-4-hydroxy- 
phenylglycol (MHPG) and their H’/C“ 
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Table 1. Urinary excretion of radioactive compounds during the 48 hours following the intravenous 
administration of 38.4 uc of L-epinephrine-7-H3 and 4.58 uc of L-metanephrine-methoxy-C'!*. Results 


are expressed in microcuries. 











Subject G. J. Subject D. W. 
Compound isolated . 
H3 ci H3/C14 H3 ci H3/C14 

Metanephrine 

Free 2.63 0.568 4.62 2.08 0.395 5.28 

Conjugated 9.34 1.64 5.68 7.34 1.31 5.62 
3-Methoxy-4-hydroxymandelic acid 17.0 1.34 2.7 17.3 1.45 11.9 
3-Methoxy-4-hydroxyphenylglycol 212 0.189 11.2 2.43 0.204 11.9 
Epinephrine 1.23 1.26 


(free and conjugated) 





ratios can also be expressed in terms 
of these fractions: 


[=] _ fest fan fv + fun foa fav _ H's 


fou fiv ; Cs 
H _ few fax fic + fev for fra Ho 
c | oe fact. fc ce, @) 


MHPG 








(2) 


VMA 





The portions of these substances formed 
from epinephrine via the pathway 
through metanephrine are: 


fem fo fiv 
frat fon fuv + fen foa fav (4) 


fer faux. fic 
fem fu fic + fun for fre 


The fractions in Eqs. 4 and 5 may be 
calculated by dividing the left-hand 
member of Eq. 1 by the left-hand mem- 
ber of Eq. 2 and the left-hand member 
of Eq. 3, respectively. If the total H’* 
appearing in VMA and MHPG is also 
known, the quantity of H’* forming 


VMA = 





MHPG = 





(5) 


URINE URINE 
(UNCHANGED) (CONJUGATED) 


URINE URINE ~\" ty 


VMA and MHPG via metanephrine 
can be determined and expressed as a 
percentage of the injected H’ epi- 
nephrine (H's). Thus the relative mag- 
nitude of each pathway in the forma- 
tion of VMA and MHPG can be 
determined and. the fraction of 
epinephrine converted to metanephrine 
estimated. 

Because the metanephrine-methoxy- 
C™“ is injected into the blood stream, 
excessive amounts are excreted into the 
urine in the free form. If the injected 
metanephrine behaved exactly as en- 
dogenously produced metanephrine, the 
H’/C™ ratios of free and conjugated 
metanephrine would be identical. If 
the ratios are not the same, the excess 
free metanephrine-C“ would result in 
a lower H*/C™ ratio in this compound. 
This amount of C“ never really entered 
the metabolic pool and must be sub- 
tracted from the administered C“ in 
determining H’s/C“s. ~ 

The excess C“ in free metanephrine 


OH 


2 


o Kis 
GH OH 
(UNCHANGED) (CONJUGATED) Prag 4-HYDROXY 
Hy MANDELIC ALDEHYDE OCH, - URINE 
~“ Kp (CONJUGATED) 
Keu\ “ec K ° 
—M CHOH CHOH 
a eS ag suaTuaey aenaniir 
Y 
oH se “oe ms PHENYL GLYCOL 
Kep Kiyv 
GHoH CHOH 
CH,NHCH ou CHOH OH 
EPINE PHRINE 3,4-DIHYDROXY PHENYL 
“| _ = URINE 
——*" (FREE) 
Keo CHOH CHOH 
CHO Goon 
OTHER 3,4-DIHYDROXYMANDELIC 3-METHOXY 4-HYDROXY 
— et ACID 
K 
CHOH au 
COOH 
3,4-DIHYDROXY MANDELIC 
ACID URINE 
“A 
Fig. 1. Epinephrine metabolism in man. Compounds in parentheses have not been 


demonstrated. 
urine of rats treated with pyrogallol. 


3,4-Dihydroxyphenylglycol has been tentatively identified only in the 
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The correction of the injected meta- 
nephrine Cr, by subtraction of the excess 
urinary free metanephrine-C™, is neces- 
sitated by the initial rapid excretion of 
the injected compound. In order to be 
conjugated or metabolized, however, 
the injected metanephrine-C“ must enter 
the tissues. It is assumed that the lag 
in the initiation of these reactions is 
similar and that metanephrine and 
epinephrine can enter the various tissues 
with equal ease, so that a correction 
for conjugated metanephrine is un- 
necessary. 

Using these principles, I made an 
attempt to evaluate the pathways of 
metabolism of epinephrine in man. Two 
normal males received 38.4 pe of L- 
epinephrine-7-H* and 4.58 pe of L- 
metanephrine-methoxy-C™ (6), and the 
various metabolites were isolated (5) 
from the urine collected during the 
following 48 hours. The amounts of 
H* and C“ in each compound were 
determined simultaneously in a liquid 
scintillation counter (2). Table 1 indi- 
cates the distribution of radioactivity in 
the various compounds isolated from 
the urine. From the ratios of H’/C“ 
found for each compound in the equa- 
tions outlined, it was calculated that 
66.1 percent and 68.0 percent of the 
injected epinephrine was methylated to 
form metanephrine. Of this, 20 percent 
and 21.4 percent formed VMA and 
2.25 percent and 3 percent formed 
MHPG. Since 44.4 percent and 45.2 
percent of the injected epinephrine 
formed VMA, 24.4 percent and 23.8 
percent must have been” formed by 
deamination followed by methylation. 
Similarly, 2.25 percent and 3.3 percent 
of the MHPG was formed by deamina- 
tion followed by methylation. A total 
of 95.8 percent and 98.1 percent of the 
injected epinephrine could be accounted 
for by methylation to metanephrine, 
deamination prior to methylation to 
form VMA and MHPG, and excretion 
as unchanged or conjugated epinephrine. 

The use of simultaneous labeling of 
two different metabolites in determining 
the relative importance of alternate 
pathways of metabolism can be widely 
applied (7). 

IRWIN J. Kopin 
Laboratory of Clinical Science, 
National Institute of Mental Health, 
Bethesda, Maryland 
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On the Thermal Boundary 
Layer of the Ocean 


Abstract. Measurement of the long-wave 
infrared radiation from the top 0.1 mm of 
the evaporating ocean demonstrates the 
existence of a cool surface layer charac- 
terized by departures of as much as 0.6°C 
from the “surface temperature” found by 
conventional methods. Being very thin, the 
layer cools sufficiently rapidly to reestab- 
lish itself in less than 12 seconds after dis- 
ruption by a breaking wave. 


By means of simultaneous measure- 
ments of the radiation temperature and 
of the conventional thermometric tem- 
perature of the ocean, we have found 
evidence of a persistent cool boundary 
layer. The equipment used, shown in 
Fig. 1A, consisted of a double-beam 
radiometer having a spectral sensitivity 
in the band from 6 to 20 u, a region in 
which the absorption in water is so high 
that 98 percent of the radiant flux orig- 
inates in the first 0.1 mm. To minimize 
the necessary corrections for absorp- 
tion by air and for reflection, the meas- 
urements were made at normal inci- 
dence at night from a position 2 m 
above the water. The water was shaded 
as required. For comparison, the temp- 
erature of the water beneath the radia- 
tion layer was measured by thermistors 
encapsuled in 1-mm glass beads, at 
depths dictated by the surface condi- 
tions of swell, waves, and ripples. The 
system had over-all sensitivity sufficient 
to discriminate temperatures with an 
uncertainty of less than 0.1°C, with 
response of less than 1 second. 

Ocean measurements were made from 
the Scripps pier at a point 200 m off 
shore in water 7 m deep. A sample 
traced from the data is shown in Fig. 
1B, which includes, for comparison, the 
“surface temperature” obtained by ther- 
mistor. The latter was checked by 
bucket sampling and mercury thermom- 
eter. The radiation temperature, when 


the ocean was shaded from the clear, 
cold night sky, was more than 0.7°C 
lower than the thermistor temperature. 
Since the screen used was at air tem- 
perature and therefore cooler than the 
ocean, a correction of +0.1°C must be 
applied to the measured value, which 
leaves a departure of the radiation tem- 
perature of more than —0.6°C. It 
should be noted that the conditions of 
wind and humidity were not conducive 
to vigorous evaporation. The effect of 
exposing the ocean to the night sky by 
removing the shade is readily seen in 
the right-hand section of the figure. 

In order to evaluate the effect of 
breaking waves, a small electric rotary 
pump was submerged beneath the ra- 
diometer, positioned so as to draw water 
from a depth of 15 cm and direct it 
as a jet which welled up in the radiom- 
eter’s field of view. It was determined 
by bathythermogram and_ thermistor 
that the water below the upper centi- 
meter was isothermal within measur- 
able limits. The result of intermittent 
pumping is shown in Fig. 1C. When 
the pump was run sufficiently vigorously 
to rupture the surface in the manner of 
a bubbling spring, the radiation tem- 
perature rose to approximately the val- 
ues measured by the thermistor sub- 
merged at the level of the pump intake. 
When the pump was shut off, the radia- 
tion temperature dropped to its normal 
value in about 5 seconds, the cooling 
rate indicating that the effect takes place 
in a layer less than 1 mm thick. A re- 
markable finding was that less intense 
disturbance of the water failed to pro- 
duce measurable effects. 

Radiometric measurement over a 
breaking wave gave a concordant result. 
Coincident with the breaking, a momen- 
tary small warm signal was recorded, 
followed by a longer-lasting, stronger 
cold signal which seemed to coincide 
with the life span of the blanket of 
foam left behind by the wave. The 
whole disturbance lasted about 12 sec- 
onds; then the radiation returned to its 
normal value. Thus, on the open sea 
where whitecaps occur at a given point 
at relatively long intervals, the thermal 
boundary layer should be present, at 
least intermittently. 

The chief features observed on the 
ocean were modeled in a controlled 
laboratory environment. In Fig 1D is 
shown, at the left, the radiation tem- 
perature of a salt-water surface being 
gradually warmed by radiation from the 
ceiling and walls of the room. Under 
these conditions, the heat flux was down- 
ward, and the water was initially in a 
state of stable stratification with a warm 
surface layer. As indicated in the figure, 
a fan was caused to blow periodically 
on the surface, the air stream having a 
velocity of about 1 m/sec and a relative 
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humidity of 55 percent. At the onset of 
evaporation, the radiation temperature 


quickly dropped about 1°C in 40 sec- - 


onds, the polarity of its departure from 
the bulk temperature reversing from 
positive to negative. Cessation of the 
draft produced a return to the initial 
temperature but at a much slower rate, 
due, no doubt, to the diminished role of 
convection in the flow of heat. At the 
right side of the figure is shown the re- 
sult of vigorous agitation by a conven- 
tional laboratory stirring device posi- 
tioned so as to produce strong vertical 
currents in the water. The precipitous 
drop in temperature coincided with the 
arrival of cool subsurface water in the 
radiation layer. Increased evaporation 
caused by the fan while the stirring 
continued is plainly shown in the rec- 
ord, though the temperature departures 
are much reduced in amplitude, prob- 
ably because of induced changes in the 
thermal conductivity of the boundary 
layer. 

Additional laboratory experiments 
were performed with varying conditions 
of imposed radiation, evaporation, and 
stability. The general result was that the 
departure of the radiation temperature 
from the bulk temperature increased 
with the flux of heat through the radia- 
tion layer, the polarity being positive for 
downward flow and negative for upward 
flow. Thermal conditions were steadier 
in the case of downward: heat flux. 
Moderate vertical stirring reduced but 
did not obliterate the thermal boundary 
layer. 

It is well known that the ocean, in 
ice-free latitudes, is heated to a con- 
siderable depth by short-wave solar rad- 
iation, the heat balance being largely 
maintained by evaporation and long- 
wave back radiation from much shal- 
lower depths. It follows, therefore, that 
the heat flux in the superficial layers 
must, on the average, be upward. Con- 
sequently, one may conclude that the 
radiation temperature of the ocean and 
other natural bodies of water is usually 
lower than the ordinary surface tem- 
perature. 

Because the thermohydrodynamics of 
a free saline liquid surface have not, as 
yet, been formulated in detail, it would 
be premature to attempt a theoretical 
analysis of the phenomena observed. 
Neither would it be prudent to identify 
the phenomena observed too closely 
with phenomena characteristic of rigid- 
boundary surfaces, Nevertheless, the 
experimental results appear consistent 
with the hypothesis that a boundary 
layer exists, immediately under the 
ocean surface, in which transfer of sen- 
sible heat is controlled chiefly by mo- 
lecular conduction rather than by con- 
vection or turbulent exchange. In this 
layer, thermal gradients are maximized. 
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The transition between the boundary 
layer and the deeper region where tur- 
bulent conduction is fully developed is 
characterized by unsteady thermal con- 
ditions which we observed by placing 
thermistors in vertical arrangement near 








the surface. Fluctuations appeared, hav- 
ing time constants of less than 1 sec- 
ond. The unsteadiness is much more 
fully developed when the heat fiux is 
upward than when it is downward. Tem- 
perature fluctuations in air heated close 
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Fig. 1. Simultaneous measurements of the radiation temperature and of the subsurface 
temperature of evaporating water surfaces. (A) Schematic diagram of apparatus. (B) 
Trace of radiometer record in relation to thermistor temperature (dashed line), 2 
October, 2300 (P.S.T.); wind, at 10 m above mean sea level, 4% m/sec; sky clear; air 
temperature 2 m above mean sea level, dry bulb 18.4°C, wet bulb 16.7°C; air tempera- 
ture 8 m above mean sea level, dry bulb 18.0°C, wet bulb 16.2°C; relative humidity, 
83.5 percent at 2 m, 85.0 percent at 8 m. (C) Effect of water jetted into surface by sub- 
merged pump. (D) Effect of induced evaporation and mechanical stirring on water in 
an insulated container. Air temperature, 32.8°C; fan velocity, 1 petty relative hu- 


midity, 55 percent. 


1375 





to the ground are described in some de- 
tail by Sutton (7) being attributed to 
bubbles of overheated air which period- 
ically detach themselves from the ther- 
mal boundary layer. In a personal com- 
munication, R. W. Stewart, described 
similar phenomena observed by means 
of the schlieren method in the cool, 
unstable thermal boundary of evaporat- 
ing water. Unsteady thermal conditions 
in the surfacé of cooling ponds and 
sheltered estuaries have been reported 
by Woodcock and Stommel (2). 
Further study of the thermal bound- 
ary layer should reveal details of the 
mechanism by which contaminating 
surface films reduce evaporation from 
natural bodies of water. In general, it 
is to be noted that surface temperatures 
of the ocean or other wind-swept 
bodies of water determined by conven- 
tional methods are systematically biased 
in a positive sense (3). 
GIFFORD EWING 
Scripps Institution of Oceanography, 
University of California, La Jolla 
E. D. MCALISTER 
Apparatus and Optics Division, 
Eastman Kodak Company, 
Rochester, New York 
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New Method for Manipulation, 
Maintenance, and Cloning of 
Single Mammalian Cells in vitro 


Abstract. Individual mammalian cells 
can be isolated with the aid of easily han- 
dled glass beads to which the cells have 
become attached. Procedures for the prep- 
aration of cell cultures on beads, and for 
the recognition and manipulation of beads 
carrying single monocytes, HeLa cells, and 
Detroit-98 cells are described. Data ob- 
tained with Brucella infected monocytes, 
illustrating the efficiency of the method, 
are presented. 


During studies of interactions be- 
tween Brucella abortus strains of differ- 
ent virulence and mammalian monocytes 
maintained in vitro (1), it became 
apparent that certain problems—spe- 
cifically, those associated with possible 
interference phenomena affecting con- 
tinued ingestion of virulent brucellae— 
required an analysis of interactions 
involving single phagocytes. This re- 
quirement led to the development of 
a novel and relatively simple method 
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Table 1. Distribution of brucellae per monocyte among bead isolates and stained monocytes, deter- 
mined by plating single monocytes and counting the resultant colonies or by the microscopic 
observation of stainable intracellular brucellae. Each figure in this tabulation indicates the number 
of monocytes containing, according to the column in which they are recorded, 0 to more than 10 




















bacteria. 
No. of brucellae per monocyte 
0 1 2 3 4 5 6 7 8 9 1. Sd Total 
Plating bead isolates 

11 5 3 6 4 4 0 0 1 0 4 40 
Stained coverslip No. 1 

12 q 5 4 3 3 2 0 1 0 0 3 40 
Stained coverslip No. 2 

9 9 6 6 a ed 1 1 1 1 1 40 
Stained coverslip No. 3 

10 7 7 5 6 z 0 0 1 0 0 y 40 





for isolating single monocytes: explora- 
tory trials indicate that this technique 
may also be used for isolating other 
mammalian cell types. The principal 
feature of the new method is the 
fixing and manipulation of single cells 
that have been permitted to adhere to 
the surface of small glass beads (2) 
partially embedded in a paraffin (or 2 
percent agar) layer contained in small 
glass cups. 

Before exposure to cell suspensions, 
the beads are boiled in detergent, 
washed in distilled water, dried, and 
sterilized by dry heat. They are then 
placed in sterile glass cups (5 ml Beck- 
man pH-meter cups, cut to a height of 
approximately 5 mm) containing a thin 
layer of molten Vaspar (equal volumes 
mixture of noncarbolated Vaseline and 
household paraffin). The Vaspar layer 
is prepared by adding to thoroughly 
dried, heated cups a small amount of 
hot (about 100°C) Vaspar, the cups 
being immediately inverted to remove 
excess Vaspar. To the liquid Vaspar 
layer remaining within the cups, beads 
(about 500 per cup) are added by 
gentle sprinkling, which results in an 
even distribution of well-separated 
beads anchored in the Vaspar layer to 
about half their depth. Slow cooling 
of the bead-seeded cups is important 
and is achieved by placing the cups 
in heated petri dishes. 

To isolate single monocytes, cells are 
harvested by previously described 
methods (3), and 0.8 ml of an appro- 
priate suspension (containing approxi- 
mately 5 x 10‘ monocytes per milliliter 
in a mixture of autologous serum and 
Hanks’ solution) is added to each cup. 
The cups are sealed with silicone- 
greased 1-inch square coverslips, to pre- 
vent loss of carbon dioxide and water, 
and incubated at 37°C. After approxi- 
mately 2 hours, the cups are examined 
for the presence of beads with single 
monocytes on their surface. Such beads 
may be removed for immediate exami- 
nation or may be permitted to remain 


in the cups for any desired period of 
time. 

The recognition of single monocytes 
on individual beads requires careful 
microscopic examination using proper 
lighting. We routinely employed a dis- 
secting microscope with 18x _ ocular 
and 6X objective, using a sheet of 
green blotting paper in place of the 
usual substage mirror. When properly 
illuminated, monocytes adhering to the 
exposed bead surface are visible as 
differently refracting, irregularly-shaped 
cells, whereas the air bubbles found in 
most beads are seen as highly refractive 
circles. 

For removal of the beads from their 
Vaspar bed, capillary pipettes with a 
diameter slightly greater than that of 
the beads were used. Beads were picked 
up by punching out a single bead plus 
its Vaspar base, and were removed from 
the pipette by tapping or by positive 
pressure. 

The efficiency of the method is illus- 
trated by a comparison of the dis- 
tribution of numbers of brucellae in 
individual monocytes as determined by 
the bead method and by direct micro- 
scopic examination of stained monocytes 
(Table 1). For the former procedure, 
monocytes, infected with brucellae 30 
minutes earlier, were introduced into 
the cups in the presence of streptomycin 
to kill all extracellular bacteria. Two 
hours later beads carrying single mono- 
cytes were removed and lysed on the 
surface of nutrient agar with the aid of 
2 percent saponin (4), and the number 
of intracellular bacteria was determined 
by counting the colonies that developed 
after 5 days. For the procedure em- 
ploying direct examination, infected 
monocytes were allowed to adhere to 
flying-coverslips in the presence of 
streptomycin, and were stained 2 hours 
later by Machiavello’s technique (5). 
The data in Table 1 indicate a close 
correlation between the results obtained 
by these two procedures. 

The method of isolating single cells 
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with the aid of beads has also been 
applied successfully to manipulation 


and cloning of other mammalian cell 


types, namely HeLa carcinoma cells 
and Detroit-98 bone-marrow cells. Two 
methods have been employed: (i) beads 
carrying single cells were immediately 
transferred to suitable tissue-culture 
media, or (ii) beads carrying single 
cells were permitted to remain in the 
cups until clones of sufficient size had 
established themselves on each of these 
particular beads. The latter procedure 
made it possible to obtain progeny from 
known single cells in the presence of 
other cells, a condition that in explora- 
tory trials has proved favorable for the 
initiation of clones. For the purpose of 
recording the location of beads initially 
carrying only single cells, a photo- 
graphic recording procedure was em- 
ployed: first the location of every bead 
in the cup was mapped by projection 
onto photosensitive paper; 24 hours 
after the cups had been inoculated with 
a trypsinized cell suspension, the posi- 
tions of all beads carrying single cells 
were marked on this photographic rec- 
ord. It should be added that’ provisions 
for the carbon dioxide tension required 
during the manipulation and growth of 
these mammalian cells were made in a 
simple manner: cups were incubated, 
unsealed, at 37°C in a CO:-incubator 
(or in a closed jar in which CO:-rich 
conditions were produced by burning a 
candle to extinction), and were in- 
spected in a CO:-rich atmosphere that 
had been created by CO:-exhaust from 
a funnel placed adjacent to the micro- 
scope stage. 

This procedure should prove useful 
for the primary isolation, manipulation, 
and cloning of many different cell types, 
particularly if initial maintenance of 
selected cells in the presence of other 
cells is prerequisite to the successful 
establishment of a clone (6). 

M. ARONSON* 
R. W. I. KesseEt 

Institute of Microbiology, Rutgers 
University, New Brunswick, New Jersey 
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Cytochemical Adenosine 
Triphosphatase of 
Vorticellid Myonemes 


Abstract. A highly specific adenosine 
triphosphatase has been found to be local- 
ized in the contractile apparatus of vorti- 
cellids. It is most prominent in the cilia as 
well as in the myonemes which course the 
latitudes and longitudes of the cell and 
spiral in the flat peristome. The stalk dis- 
plays more activity in the spasmoneme 
sheath than in the spasmoneme itself. The 
spasmoneme canal appears negative. A del- 
icate fiber coils around the outside of the 
stalk in a helix. All these structures may 
be seen in the living protozoan by phase- 
contrast microscopy. 


A very rich literature supports the 
hypothesis, originally presented by A. 
Szent-Gyorgyi (), that contractility is 
dependent upon some interaction of 
adenosine triphosphate (ATP) and ac- 
tomyosin. An important aspect of this 
interaction is the adenosine triphos- 
phatase which contractile protein pos- 
sesses by virtue of its myosin content 
(2). Extracts made from vertebrate 
(2) and invertebrate muscle (3) have 
this enzymatic property. Of funda- 
mental importance is the fact that sim- 
ilar extracts of cells (4) or their iso- 
lated motor apparatus, sperm. tails, 
(5) also display this enzyme activity. 

Recently, direct demonstration of 
adenosine triphosphatase in intimate as- 
sociation with motor organelle was 
made ‘for the fibers within sperm 
flagella by a cytochemical method (6). 
It is the purpose of this report to de- 
scribe the cytochemical locus of aden- 
osine triphosphatase in myonemes, the 
motor organelle of vorticellids, and 
other protozoans. 

Vorticella convallaria were used 
throughout. They were derived from a 
clone cultured for several years by a 
previously described method (7) with 
some modifications. A cerophyl extract 
was substituted for the lettuce in the 
egg-lettuce medium. It is prepared by 
boiling 1 mg in 1 ml of distilled water 
for 5 minutes and filtering while hot 
into flasks which are then plugged and 
refrigerated. Equal parts of the egg 
and cerophyl are mixed to provide the 
culture medium. Routinely, petri dish 
bottoms were lined with non-nutrient 
agar before they were filled with the 
culture medium. Vorticellids detach 
from such a surface after 3 to 4 days 
of incubation at 25°C, thereby making 
for convenient harvest by light centri- 
fugation after filtering through a No. 
25 plankton net. They were then 
washed three times in sterile culture 
medium or Chalkey’s solution before 
use in subculturing or in cytochemical 
study. 

For assay, 20-yl aliquots of cell sus- 


pensions were placed on lightly al- 
buminized cover slips (No. 0, 22 mm) 
and frozen directly on a block of Dry 
Ice. They were then thawed and dried 
with the aid of a fan. When dry, the 
cover slips were immediately immersed 
in substrate medium contained in Co- 
lumbia staining dishes which had been 
previously equilibrated at 37 + 0.2°C 
for 1 hour. 

The substrate medium was essentially 
that of Padyluka and Herman (8). It 
contained 5 mmole of ATP (9), 2.5 
mmole of cysteine-HCl, 20 mmole of 
CaCl:, and 25 mmole of Veronal. The 
PH was adjusted to 9.4 and the solution 
was filtered before equilibration. In 
some experiments, 5 mmole of ADP, 
12 mmole of muscle adenylic acid, 
(AMP), beta-glycerophosphoric acid, 
glucose-1-phosphate (/0), and fructose- 
1,6-diphosphate (//) replaced ATP as 
substrate. 

All substrates were added as the dry 
powder, and demineralized water was 
used throughout. All experiments in- 
cluded parallel preparations incubated 
in control media which lacked sub- 
strate. In addition, vorticellids that had 
been steamed for 10 minutes before 
incubation were also tested. 

After incubation for 15, 30, 60, 180, 
or 240 minutes, inorganic phosphorus 
was visualized as black CoS by 3- 
minute immersion of cover slips in 
control medium saturated with (Ca)s- 
(PO:): by the addition of 0.1M Na: 
HPO.:. They were then placed in 2- 
percent CoCl: for 3 minutes, followed 
by three washes in distilled water. Both 
the CoCl:. ‘and distilled water were 
brought to above pH 8 by the addition 
of 25 mmole of Veronal, as recom- 
mended by Danielli (/2). Following 
this, cover slips were dipped in 1-per- 
cent (NH:):S for 2 minutes, washed 





Fig. 1. Sites of adenosine triphosphatase in 
head. Incubation time, 60 minutes. a, Long- 
itudinal myoneme; /, latitudinal myoneme. 
Magnification marker at lower left, 5x. 
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Fig. 2. Loci of adenosine triphosphatase 
in stalks. Incubation time, 15 minutes. 
(Top) Lateral view of upper coil of loosely 
wound stalk. (Bottom) Anterior view of 
coil of tightly wound stalk. a, Cortical 
helix; b, sheath of spasmoneme; c, spas- 
moneme canal; d, spasmoneme. Magnifi- 
cation marker at lower left, 5yz. 


in three changes of tap water, and de- 
hydrated in 80-percent ethyl alcohol 
for 1 minute, in 95-percent for 2 min- 
utes, in 100-percent for 3 minutes, and 
were finally cleared rapidly in xylol 
and mounted in Clarite. 

After 15 minutes’ incubation with 
ATP as substrate, prominent fibers ap- 
pear along the longitudes of contracted 
heads (Fig. 1). Some of these course 
in furrows along their entire length, 
while others seem to bend to join op- 
posite fibers at the peristome, thereby 
forming characteristic arcades. The 
area between these fibers is dotted with 
numerous granules which presumably 
are mitochondria. In some cells, other, 
more delicate, fibers course around the 
latitudes. These become more promi- 
nent after 30 minutes, and together 
with the longitudinal fibers, give the 
pellicle an over-all basket-weave ap- 
pearance. The peristomial shelf con- 
tains another fiber which follows a flat 
spiral beneath the adoral ciliary mem- 
branes. The cilia, which form the mem- 
branes, are also positive. A similar 
pellicular net of longitudinal,  lati- 
tudinal, and spiral fibers were described 
by Entz (13), who used conventionally 
fixed and stained materials. They are 
the myonemes of the head and impart 
its characteristic motility. 

Another fiber associated with an 
adenosine triphosphatase winds around 
the stalk as a helix in the outer mem- 
brane of the spasmoneme sheath (Fig. 
2, a). It has the same order of activity 
as the myonemes in the head, as it be- 
comes prominent after 15 minutes of 
incubation, and presumably is a struc- 
tural embellishment of these. This cort- 
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ical helix resembles one figured by 
Faure-Fremiet (/4), and may be anal- 
agous to the helix in sperm tails (/5). 
The sheath which surrounds the spas- 
moneme (Fig. 2,5) appears densely 
positive in many individuals after 15 
minutes. The sp:smoneme canal is 
always negative (Fig. 2, c), whereas the 
spasmoneme (Fig. 2,d) displays only 
moderate activity in the shorter in- 
cubation periods. 

It should be mentioned that the 
spasmoneme usually appears darkened 
in occasional individual stalks of con- 
trol preparations, therefore making it 
difficult to evaluate cytochemically. I 
believe this darkening to be the result 
of hydrolysis of tightly bound endoge- 
nous substrate because the spasmoneme 
of steamed vorticellids is lightened to 
its inherent refractility. 

The adenosine triphosphatase associ- 
ated with myonemes is highly specific 
since the latter appear most intensely 
when ATP is used as substrate. The 
enzyme does not attack AMP, beta- 
glycerophosphoric acid, glucose-1- 
phosphate, or fructose-1,6-diphosphate. 
Only slight visualization occurred with 
adenosine diphosphate. 

All myonemes may be seen by phase- 
contrast microscopy of the living or- 
ganism. Longitudinal and _ latitudinal 
myonemes and the granules between 
them appear in compressed heads. 
When the stalk is actively contract- 
ing or relaxing, striae appear along its 
entire length. I believe these to be 
identical with the cortical helix. Such 
demonstration confirms the reality of 
the structures found cytochemically. 

The evidence presented indicates that 
the myoneme is intimately associated 
with a specific adenosine triphosphatase 
and thereby is provided with the equip- 
ment necessary to make up the free 
energy deficit incurred in the contrac- 
tile process. It is suggested that the 
detailed morphology of myonemal 
systems as revealed cytochemically may 
serve to provide further biochemical 
basis to demonstrate and confirm taxo- 
nomic relationships (/6). 

LAURENCE LEVINE 
Biology Department, Wayne State 
University, Detroit, Michigan 
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Penetration of Lead by the Wood 
Piddock Martesia striata 


Abstract. An attack by Martesia striata 
Linnaeus on the lead sheathing of a 
power cable is described. This is the third 
such attack recorded and all have oc- 
curred in Florida waters. A guide for 
describing future attacks is recommended 
with the hope that the specific conditions 
under which attacks occur can be learned. 


On 15 August 1959 an electrical 
power cable extending 1060 feet across 
Boca Ciega Bay beside the Treasure 
Island Causeway, St. Petersburg, Fla., 
shorted out. The cable had been placed 
in service during the spring of 1953 
and had no previous history of mal- 
function. After the cable was raised it 
was found that the protective sheathing 
of a section about 4 feet long, approxi- 
mately 200 feet from the west shore 
of the bay, had been damaged. The 
sheathing consisted of an outside layer 
of asphalt-impregnated jute over a 
closely coiled wrapping of heavy steel 
armor wire over a second layer of 
asphalt-impregnated jute which sur- 
rounded a tube of pure lead that had 
an outside diameter of about 55 mm 
and walls 3 mm thick. A three-con- 
ductor, paper-insulated cable lay inside 
the lead tube. 

In the damaged section (at a depth 
of about 8 feet) the steel wires had 
rusted, snapped, and exposed the lay- 
ers beneath. In some areas the jute had 
been eliminated, and the lead sheath 
beneath was exposed. There was no 
evidence of abrasion or oxidation on the 
lead surface. It was found, however, 
that the exposed lead was both pocked 
and riddled with small holes in each of 
which could be seen a small molluscan 
shell. It is not known whether the jute 
layer was penetrated before the lead, 
or whether any exposed areas of lead 
were not attacked. 

The mollusks proved to be young 
pholadids, Martesia striata Linnaeus 
(1). The specimens appeared to be 
identical with Martesia funisicola 
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Bartsch and Rehder (2) (described 
from a specimen which had also bored 


into a lead-sheathed power cable). Tur- ° 


ner (3) has synonymized M. funisicola 
with M. striata and has stated (4) 
that she considers the specimens from 
the lead sheaths to be abnormal; prob- 
ably because they had been boring in 
such hard material. 

The greatest diameter of any of the 
holes in the section of attacked lead 
sheathing available to us (125 mm 
long; 180 mm circumference) is about 
6 mm, at a depth of about 2 mm in the 
lead. These findings are comparable to 
those of Snoke and Richards (5) for 
an attack they reported. Five of the 
ten borings in this section had com- 
pletely penetrated the sheathing. All 
these attacks were concentrated in a 
215° are of the sheath, but supposedly 
there were other sections which were 
completely attacked. 

The present report constitutes the 
second verified record of Martesia stri- 
ata boring into lead. A third record (5) 
is probably attributable to this species. 
All three attacks have occurred in Flor- 
ida waters: Boca Ciega Bay, St. Peters- 
burg; Ortega River, Jacksonville (5); 
and Lake Worth, West Palm Beach 
(2). All three attacks were upon the 
lead sheathing of power cables, and, at 
least in the Boca Ciega Bay and Or- 
tega River attacks, occurred in the same 
type of cable (after the outer steel 
wrapping had rusted through). The 
type of cable sheathing attacked is 
presumably in service in Martesia in- 
habited waters in other areas, and it is 
surprising that there are no other rec- 
ords of attacks on these cables. The 
conditions in Boca Ciega Bay are tur- 
bid ones, and there’ is considerable silt- 
ing in the causeway area (Florida 
Power Corporation diver’s report). The 
salinity is usually moderately high (es- 
timated at 25 to 32 per mil, based on 
determinations made at various points 
in the ‘bay) although during rainy 
seasons it may be much lower (1959 
had the highest recorded rainfall on 
record for St. Petersburg, although the 
rainfall for August of that year, 9.54 
inches, was close to the 45 year aver- 
age, 9.16 inches). Lake Worth condi- 
tions probably approximate those in 
Boca Ciega Bay. The Ortega River 
attack probably occurred under turbid 
conditions and at a low degree of 
salinity (7). 

In the event of future attacks, cer- 
tain data should be recorded in order 
to facilitate the determination of the 
specific conditions under which attacks 
occur. The following information would 
be most useful: locality, general local- 
ity description, date, depth, salinity, 
turbidity, temperature, weather condi- 
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tions, nature of bottom, position on 
bottom of attacked section, surface na- 
ture of lead (oxidized, clean, and so 
on), thickness of lead, position of indi- 
vidual penetrations, density of attack, 
and whether other substances were 
penetrated before the lead was reached. 

V. G. SPRINGER 
Marine Laboratory, Florida State Board 
of Conservation, St. Petersburg 

E. R. BEEMAN 
Florida Power Corporation, 
St. Petersburg 


References and Notes 


1. The identification was kindly verified by Dr. 
Ruth D. Turner. 

P. Bartsch and H. A. Rehder, Smithsonian 
Inst. Publs. Misc. Collections No. 104 (1945). 
R. D. Turner, Johnsonia 3, No. 34, 65 (1955). 
R. D. Turner, personal communication. 

L. R. Snoke and A. P. Richards, Science 124, 
443 (1956). 

This report is contribution No. 37 from the 
Marine Laboratory, Florida State Board of 
Conservation. 

7. Personal observations (V.G.S.). 


23 December 1959 


yey NX 


» 


Physiological Measurements on a 
Live Whale 


Abstract. Temperature, respiration, and 
electrocardiographic measurements were 
made on a stranded 45-ft. finback whale. 
This proved to be a practical means of 
getting physiological information on the 
large cetaceans. 


The stranding of a 45 foot finback 
whale (Balaenopterus physalus) on a 
Provincetown, Mass., beach provided a 
fortuitous opportunity to make mul- 
tiple temperature, respiration, and 
electrocardiographic measurements. We 
know of no other such measurements 
on large, live cetaceans. The whale died 
after 36 hours. 

The whale was entirely exposed at 
low tide. It breathed at a steady rate 
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of about once every 20 seconds. The 
animal lay mostly on its left side and 
appeared to breathe primarily with its 
right lung: only the right blow hole 
opened. It was clear that only a partial 
inspiration was possible due to the 
overlying bulk of the animal. At high 
tide the whale was almost completely 
afloat. It was then pressed against the 
beach by a slow swimming motion of 
its tail. Its breathing while partially 
submerged was slower and more regu- 
lar, with intervals ranging from 90 
to 120 seconds. When we have ob- 
served the same species at sea, it gen- 
erally breathed six to eight times at 
intervals of half a minute and then 
sounded for 5 to 8 minutes. 

Samples of the expired air were 
taken with a syringe held 6 to 8 inches 
inside the blow hole during expiration. 
Gas analysis of three samples showed 
that they contained 1.42, 1.50, and 1.66 
percent CO: and 19.22, 19.30, and 
19.22 percent O:, respectively (RQ of 
0.8 to 0.9). The gas samples were 
taken near the end of expiration (which 
lasted about 2 seconds), so they would 
more nearly represent alveolar air. The 
apparently poor utilization of the in- 
spired air coupled with the rapid, shal- 
low breathing indicate pulmonary in- 
sufficiency and suggest that anoxia 
contributed to the whale’s death. 

Temperature distribution in the blub- 
ber was determined with a thermistor- 
tipped hypodermic needle. The skin 
temperature during low tide was uni- 
formly cold (10° to 14°C), over all of 
the animal except the dorsal fin. This 
was warm to the touch and had a 
temperature of 23°C on the thin 
trailing edge. The sea temperature was 
6°C, and the air varied between 6° and 
10°C. The temperature in the blubber 
increased linearly with distance from 
the surface, reaching values of 27° 
to 31°C at the point of maximum 
penetration of the needle (15 cm). 





Fig. 1. Electrocardiogram of finback whale (top) and of man (bottom). 
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These slightly different gradients are 
probably due to variations in blubber 
thickness. We could not be certain that 
the thermistor probe penetrated com- 


pletely through the blubber layer; 
therefore we do not know whether our 
maximum readings represent a true 
deep body temperature. A rectal tem- 
perature of 33°C was obtained with a 
flexible tube-mounted thermistor in- 
serted 18 inches. Readings of 30° to 
33°C were obtained under the tongue 
with the same instrument. From pre- 
vious experience (1), we feel that the 
whale was 1° or 2° cooler than would 
be expected. The general mechanism of 
thermal regulation appears to be the 
same as that found in live porpoises 
which are approximately 1/100 as 
large as this whale (2). The blubber is 
an insulating layer, and the preferred 
pathway of heat disposal is through the 
uninsulated extremities. 

Electrocardiograms were taken on an 
instrument which one of us (A.S.) 
uses in his private medical practice. 
Because the whale was completely out 
of the water we were able to place 
leads in most of the positions analogous 
to those used on humans. Figure 1 
shows a precordial lead record from the 
whale heart as contrasted to a normal 
human record. The pulse rate was about 
27 beats per minute, compared with 70 
in man and more than 600 in the small- 
est mammals. However, it was still 
nearly twice that recorded on a much 
smaller white whale (3). Since the beats 
closely follow one another we presume 
that this represents tachycardia and 
that a more normal rate would be 8 
to 10. The high rate probably reflected 
the deteriorating condition of the ani- 
mal. The time scale for the events in a 
single beat are much longer than any 
known previously. The PR _ interval, 
for instance, was about 0.68 second as 
compared to half this in the white 
whale and a maximum of 0.20 second 
in humans. 

This cursory report is given to show 
that it is possible to obtain physiologi- 
cal information from a beached ceta- 
cean if one has the instruments ready 
to take advantage of the situation. A 
live whale in the water is an imposing 
experimental subject, but grounded 
animals are more manageable and fairly 
frequent. Unfortunately most people 
consider the great mass of potentially 
putrifying meat more of a potential 
health hazard than a scientific op- 
portunity. We would appreciate im- 
mediate notification of similar live 
strandings anywhere in New England. 

JOHN KANWISHER 
ALFRED SENFT 
Woods Hole Oceanographic Institution, 
and Marine Biological Laboratory, 
Woods Hole, Massachusetts 
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Inhibition of 5-Aminolevulinic 
Acid Dehydrase by 
§-Oximinolevulinic Acid 


Abstract. &-Oximinolevulinic acid com- 
petitively inhibits 4-aminolevulinic acid 
dehydrase at low concentrations. 


The enzyme §-aminolevulinic acid 
(ALA) dehydrase involved in the con- 
version of ALA to _ porphobilinogen 
has been studied by Gibson, Neuberger, 


and Scott (J) and others (2). In 
studying analogues of ALA it was 
found that $-oximinolevulinic acid 
acted as a competitive inhibitor of 
ALA dehydrase, producing significant 
inhibition at low concentrations. 

5-Aminolevulinic acid and -ketoadip- 
ic acid were purchased from the Nutri- 
tional Biochemicals Corporation. §8- 
Chlorolevulinic acid was synthesized 
by the method of Neuberger and Scott 
(3). 8-Oximinolevulinic acid was syn- 
thesized by the method of Neuberger, 
Scott, and Shuster (4). §-Acetamidolev- 
ulinic acid was provided by Anthony 
Schrecker of the National Cancer Insti- 
tute. 2-Amino-4-thiazolepropionic acid 
was prepared as described by Neuberger 
and Scott (3). 

The homogenates were prepared 
from CAF: mouse livers as described 
by Gibson, Neuberger, and Scott (J). 
Each tube contained 1 ml of liver 


Table 1. Inhibition of 5-aminolevulinic acid dehydrase by various compounds. 








Volume of 





Concentration (M) . 
compound and eS Inhibition 
Compound ALA ALA added “eta (%) 
added added (ml) 
5-Chlorolevulinic acid 
100-1072 7.5 X 10-3 10:1 100 
1X 10-5 13% 10-5 1.32 1:1 96 
ox 10-4 71.5: iAG5 L32 0.1:1 0 
7:5 X 1075 13: X1C3 1.32 0.01 :1 0 
6-Acetamidolevulinic acid 
7:5: 10-2 7.5 X 1073 10:1 3F 
10 10° 15: xX 10"5 132 | 0 
Worm ae IDK Ww 1.32 0.1:1 0 
73° KR 10'S Wo Ok ee bese 0.01 :1 0 
B-Ketoadipic acid 
7.5 X 1072 7S X.IO°s 1.52 10:1 100 
15 AG-> 15. X1053 1.32 1:1 79 
131% 10-4 7175. 105 1.32 0.1:1 11 
7.5 X 1075 7.5 X 1073 ide 0.01:1 0 
2-Amino-4-thiazolepropionic acid 
7.5 X 10-2 7.5 X 1073 10:1 92 
7.5 X 1073 7S X10-5 1.32 1:1 8 
ao 10-4 15:X% 1.32 0.1:1 0 
Torx 105 7.5 KA 1.32 0.01 :1 0 
6-Oximinolevulinic acid 

qed K 19-2 IS KIS? 10:1 100 
7.5 X 1073 13 X% 1073 1.32 1:1 96 
s BR ae 1S MAG 1.32 0.1:1 75 
199% 10-5 7.5 X 1073 1.32 0.01 :1 27 
ted IO"! >... XI .33 10:1 95 
70 et0 5 MMe .33 ca 92 
49°. 103 5 xX 10-2 33 0.1:1 72 
Jaw w* 5 xX 102 Pi 0.01 :1 





Table 2. Inhibition of 5-aminolevulinic acid dehydrase by 5-oximinolevulinic acid. 








Concentration (M) 











Volume of . 
Tube compound and alte: d Inhibition 
6-Oximinolevulinic ALA ALA added to ALA (%) 
acid added added (ml) 

1 7.5 X 1072 13:-X10-5 1.32 10:1 94 
2 7.5 X 1073 7.5 X 10-3 1.32 isi 90 
3 VS DC A0-4 18 AS 1.32 0.1:1 66 
4 73° HAG 7.5:% 10-3 1.32 0.01:1 29 
5 75% 10-* 9 xX 10° 1.32 1:120 27 
6 75 HK AG.4 6 xX 10° 1,32 1:80 38 
7 75: X10-* 3 xX 1072 1,32 1:40 47 
8 7.5. X 10-4 13: XAG 1,32 1:10 58 
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homogenate (1 part wet-weight CAF: 
liver homogenized in twice its weight 


of 0.15M KCl); 1 ml of 0.067M phos- . 


phate buffer at pH 6.8; 1 ml of 0.01M 
glutathione; and the volume of ALA 
and analog added as indicated in Tables 
1 and 2. After evacuation of air, the 
mixture was activated at 37°C for 1 
hour. In the experiments whose re- 
sults are given in Table 1 and the 
lower half of Table 2 (tubes 5 to 8) 
the ALA was added 10 minutes after 
the analog. In the experiments in the 
upper half of Table 2 (tubes 1 to 4) 
the ALA and analog were added simul- 
taneously. The incubation was con- 
tinued for 1 hour and the amount of 
porphobilinogen was determined by use 
of Ehrlich’s reagent after precipitation 
of protein as described by Gibson, 
Neuberger, and Scott (J). Pooled 
homogenates were used in the study 
of each compound. The percentage 
inhibition was calculated from the 
formula 


100 [1— (P:/Ps)] 


where P: is the amount of porphobilino- 
gen formed in 1 hour in the presence 
of inhibitor and substrate and Ps is the 
amount of porphobilinogen formed in 
1 hour in the presence of substrate 
alone. 

In Table 1 are presented the in- 
hibitory effects of a group of com- 
pounds on ALA dehydrase. All the 
compounds produce inhibition of vary- 
ing degrees at high concentrations, but 
only §-oximinolevulinic acid is inhibi- 
tory at low concentrations. Two differ- 
ent concentrations of ALA (using 1.32 
ml of 7.5 x 10°M ALA and 0.33 ml 
of 5 x 10°M ALA) were studied with 
the same ratios of §-oximinolevulinic 
acid to ALA in both cases. The per- 
centage inhibition is constant for a 
given ratio of inhibitor to analog at 
the different ALA concentrations. In 
these experiments the analog was added 
10 minutes before ALA. 

In the upper half of Table 2 (tubes 
1 to 4) are presented the inhibitory 
effects of 8-oximinolevulinic acid when 
it is added simultaneously with ALA 
in the same concentrations and ratios 
as in Table 1. The inhibition is the 
same as it is when the analog is added 
10 minutes before ALA. In the lower 
half of Table 2 (tubes 5 to 8) are the 
data obtained by using a constant con- 
centration of §-oximinolevulinic acid 
(7.5 x 10°M) with varying concen- 
trations of ALA added 10 minutes after 
the analog. It is seen from both tables 
that increasing concentrations of ALA 
overcome the inhibition of §-oximino- 
levulinic acid, thus demonstrating the 
competitive nature of the inhibition. 
Also it is seen in both tables that at 
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various concentrations of ALA and 
§-oximinolevulinic acid the inhibition is 
relatively constant for a given ratio of 
analog to substrate. 
DONALD P. TsCHUDY 
ANNIE COLLINS 
National Cancer Institute, 
Bethesda, Maryland 
WINSLOW S. CAUGHEY 
GEORGE G. KLEINSPEHN 
Monadnock Research Institute, 
Antrim, New Hampshire 
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A Genetic Constitution 
Frustrating the Sexual Drive 
in Drosophila paulistorum 


Abstract. Hybrids obtained in the lab- 
oratory between two subspecies of Dro- 
sophila paulistorum possess a genetic con- 
stitution which is discordant enough so 
that the hybrid females repel the court- 
ship of all males, and will mate with none. 
The hybrid males will court and will be 
rejected by almost all females, including 
their own hybrid siblings. 


It has been shown (/) that the 
species Drosophila paulistorum  ac- 
tually represents a cluster of six sub- 
species, and that reproductive isola- 
tion of various sorts is being evolved 
between these incipient species, now 
in statu nascendi. Crosses between 
three (Centro-American, Amazonian, 
Andean-South Brazilian) of the six 
subspecies result in the production of 
fertile female and sterile male hybrids. 
The cause of the male sterility has 
been investigated (2) and found to 
depend upon the genotype of the 
mother involved. Any female which 
carries any mixture of the chromo- 
somes of different subspecies deposits 
eggs giving rise to sterile male zygotes 
and to fertile female ones. (Intersub- 
specific insemination is accomplished 
more quickly here, and hybrid females 
can be tested for fertility by etheriz- 
ing the females and immediately plac- 
ing them with mature, unetherized 
males. The males will then approach 
and will often mount the females 
while they are still partly anesthetized. 
Subsequently, the females always pro- 
duce offspring.) The male sterility is 
independent of the genotype of the 
male parents and the genotype of the 
sons themselves. 


The mode of action of a reproduc- 
tive isolating mechanism such as this 
seems to be unprecedented in genetic 
literature, but the same _ species- 
complex has evolved still another 
extraordinary isolating device: inter- 
subspecific hybrids have been ob- 
tained by crossing Amazonian males 
with Andean-South Brazilian females. 
Most crosses between these two sub- 
species fail because of the powerful 
sexual isolation barrier. However, after 
repeated and lengthy attempts, viable 
male and female hybrids were obtained. 
It should be emphasized that these were 
normal males and normal females as 
far as the external and internal anatomy 
were concerned. Yet the genic endow- 
ments contributed by the parents of 
these hybrids are so discordant, that 
the hybrids are virtually unable to per- 
form, successfully. the mating rituals 
that are normal in this species. 

A study of the behavior of living 
flies under a microscope in special ob- 
servation chambers showed that the 
hybrid females (25 have been observed 
and dissected so far) will not accept 
any males which court them, regard- 
less of how vigorous or persistent the 
courtship is. They have been observed 
to reject consistently the males of both 
parental subspecies, as well as their 
own hybrid maies. They accomplish 
this by assuming the posture of rejec- 
tion of the courtship which is charac- 
teristic of D. paulistorum: the female 
lowers her head and elevates the tip of 
her abdomen so that the vaginal ori- 
fice is inaccessible to an approaching 
male. Only twice have Andeah-South 
Brazilian males been seen to rush in so 
quickly that they succeeded in mount- 
ing the hybrid females; however, in 
one case, it took the female 2 minutes 
to repel the male by shaking violentiy 
from side to side, and, in the second 
instance, it took only 1 minute and 
47 seconds. [Copulation normally takes 
an average of 17 minutes and 12 sec- 
onds in this species (3).] Furthermore, 
dissection of the female reproductive 
tracts involved, in physiological saline, 
showed that no sperm was transferred 
to the females in these two instances. 

The hybrid males (19 have been ob- 
served and dissected so far) are of 
less interest in this respect, because 
they are completely sterile. Even so, 
they are rarely successful in courting 
females, and they have been placed and 
observed with mature females of both 
parental subspecies, as well as with 
their own hybrid females. These males 
have been observed in a total of only 
seven copulae, whereas a normal D. 
paulistorum male will begin courting 
again immediately after dismounting 
one female, and may inseminate sev- 
eral females per day. | 
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It is here suggested that the dis- 
harmonies in the sexual behavior of 
the hybrid females may serve as a very 
efficient isolating mechanism between 
the incipient species. It is unfortunately 
not known whether the Amazonian and 
the Andean-South Brazilian subspecies 
occur anywhere sympatrically, but 
such sympatric occurrence has been re- 
corded for other pairs of D. paulis- 
torum subspecies (1). If such sympatric 
occurrence does exist, the possibility 
of hybridization cannot be excluded. 
However, the hybrid females, though 
potentially fertile, in the sense that their 
ovaries may be full of normal and ma- 
ture eggs, would probably never mate. 
This would make the appearance of 
backcross progenies impossible. 

LEE EHRMAN 
Department of Zoology, 
Columbia University, New York 
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Spore Germination and Emergence 
of Bacillus megaterium 


Abstract. Bacillus megaterium spores 
have a characteristic polar knob and 
equatorial ridge, or groove. During germi- 
nation, the spore case appears to split 
along this ridge, and thus allows the new 
cell to emerge. Mechanically ground 
spores also split along this ridge, one part 
of the spore case being hinged to the 
other, the ridge being evident along a 
free edge. The equatorial ridge appears to 
be an area of susceptibility to mechanical 
pressures and, perhaps, in normal germi- 
nation, to enzymic action as well. 


We are primarily interested in the 
initial stages (1) of spore germination, 
when the spore loses its heat resistance, 
becomes stainable, and begins to con- 
sume oxygen. The study of later stages 
such as emergence may, however, help 
to illuminate early changes in spore 
germination. Electron micrographs of 
resting and germinating spores of Ba- 
cillus megaterium were prepared. The 
spores were germinated at 30°C in a 
medium buffered with 0.05M_ phos- 
phate at pH 6.9 and containing 0.5 
percent peptone, 0.02 percent yeast ex- 
tract, and 0.025M glucose. Respiration 
in this medium has been described by 
Mandels et al. (2). The resting spores 
are Opaque to electrons (Fig. 1). After 
10 minutes in the germination medium, 
the spores become somewhat swollen, 
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Figs. 1-6. Electron micrographs of Bacillus megaterium, taken with an R.C.A. electron 
microscope (EMU-2A) at an original magnification of 7400. Figures 3 and 4 are 
positive images; the others are negative. Fig. 1. Resting spores. Fig. 2. Spores incubated 
for 10 minutes—germination. Figs. 3 and 4. Spores incubated for 50 minutes—emergence 
of new cell and some elongation. The arrows indicate the split in the spore coat. Fig. 5. 
Empty spore case of an emerged cell, 60 minutes. Fig. 6. Empty spore case of a resting 
spore, obtained by grinding with glass beads. (x 12,500) 


and dense material moves toward the 
periphery (Fig. 2). The spore case 
splits after 50 minutes of incubation, 
and a new cell protrudes from the case 
and begins to elongate (Figs. 3, 4). 
The spore very often has what ap- 
pears to be a polar knob and a ridge or 
groove circumscribing the major equa- 
tor of the spore case. During the tran- 
sition from spore to vegetative cell the 
spore case is often freed of the emerg- 
ing cell (not adherent as in Figs. 3 and 
4). The polar knob and equatorial 
ridge or groove are particularly pro- 
nounced in the discarded spore case 
shown in Fig. 5. We conceive of the 
equatorial ridge, or groove, as a line of 
weakness in the spore case more sus- 
ceptible than the rest of the case both 
to physical and to enzymic attack. It is 
along this ridge, weakened perhaps by 
enzymic action (3) or by mechanical 
pressure of the swelling spore, that the 
case splits and allows the new cell to 
emerge. The cracks indicated by ar- 
rows in Figs. 3 and 4 support this idea. 
Furthermore, spores ground with glass 
beads show the same sort of split, one 


part of this physically damaged coat 
being hinged to the other with the 
ridgelike appearance evident along a 
free edge (Fig. 6) (4). 

Note added in proof. Since we sub- 
mitted this report, P. C. Fitz-James and 
I. E. Young have published electron 
micrographs which also show an equa- 
torial ridge in the outer coat of B. 
megaterium spores (5). 

HILLEL S. LEVINSON 
ALAN S. WRIGLEY 
Pioneering Research Division, 
Quartermaster Research and 
Engineering Center, Natick, 
Massachusetts 
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____Kedak reports on: 


a substrate that doesn’t split by itself... sooty things with a lot of physics 
in them... bringing sound movies down to size 


Suggestion from East Berlin 


May we have your attention, please, 
to a 411-word essay on lipase? 

Ostensibly it advertises an Eastman 
Organic Chemical, Phenyl Laurate 
(Eastman 7885). To be sure, 25 grams 
of this compound may actually be 
purchased for $3 from the address 
given at the end of the essay. Because 
of difficulty in draping intellectual dig- 
nity around a bottle worth $3, it serves 
our purpose to issue the large, round 
declaration that enzymes are the most 
important subject on earth. Does not 
their interplay govern all activity in 
the biosphere, including that in the 
cerebra of men of business and science? 
Of course. 

Permit us now to narrow the scope 
to one class of enzymes, the esterases. 
Lipases are esterases that split fats. 
Other esterases split simple esters of 
fatty acids. Lipases occur in certain 
animal organs and plant tissues. Al- 
though other esterases are fed’ into the 
mammalian blood stream from the 
liver, the lipase content of the blood 
serum is very low unless the duct of 
the pancreas is closed off. 

To demonstrate and estimate an 
esterase, one gives it something (here- 
inafter designated a substrate) to split 
under fixed conditions, and one com- 
pares the amount of split product 
against a blank. Olive oil has been the 
standard substrate for lipase. The fatty 
acids released are titrated against so- 
dium hydroxide. On page 221 of a 
certain book it says that this will work 
for lipase in blood’ serum. The meas- 
urement offers difficulties when the 
serum lipase level is normally low. It 
becomes a poor subject for wit when 
some foul derangement in the human 
machine raises the level to a point 
easy to measure. 

The subway from East Berlin has 
brought out of Humboldt University 
there the suggestion (Clin. Chim. Acta. 
4, 221) that phenyl laurate nicely lib- 
erates phenol in colorimetrically meas- 
urable quantity when acted upon by 
serum lipase. Soon after the news 
reached us, we prepared this com- 
pound for sale because it has good 
shelf life, where other proposed sub- 
strates all too soon split by themselves 
untouched by lipase. Then we took a 
different subway to Brooklyn, N. Y., 
to chat with a biochemist who told us 


of a considerable improvement in the 
phenyl laurate procedure. 

Whoever will write name and address 
and the last three words of the preceding 
sentence on a postcard to Distillation 
Products Industries, Rochester 3, N. Y. 
(Division of Eastman Kodak Company) 
will receive an abstract of the Brooklyn 
procedure as soon as it is published. 


Adjustable boundary for the infrared 








These sooty things have a lot of physics 
in them. The physics is of the old- 
fashioned type, not very clear, but not 
nearly so opaque as the little wonders 
themselves look when held to the light. 
Yet they transmit to 30 in the very 
far infrared. Their utility lies in the 
easy adjustability of the spectral posi- 
tion of the transition from opacity to 
clarity. The opacity is achieved not by 
absorption and not by interference but 
by marvelously selective and effective 
scattering. What interference there is, 
in fact, operates on the side of clarity 
by beating down Fresnel reflection 
losses. 

These Kodak Far Infrared Filters 
have turned into a hotter ‘item than 
we dared hope when we first taught 
ourselves how to take silver chloride 
and convert its surface to silver sulfide 
in a manner as tunable as a fiddle 
string. Now the infrared trade—mili- 
tary and analytical—has grown to 
where it needs cut-on filters worse than 
it needed them ever before. And we are 
ready—even with a warning that these 
filters require precautions to protect 
them from harsh military environ- 
ments and that silver chloride in the 


This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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presence of water vapor still corrodes 
metal just as it always has. Of course, 
they can be mounted in plastic. The 
corrosion we can forestall if, at the 
expense of inserting a few absorption 
bands, we can be permitted to over- 
coat with polystyrene. 

The pitch for the business is made by a 
collection of mimeographed sheets entitled 
**Kodak Far Infrared Filters,” obtainable 
from Eastman Kodak Company, Special 
Products Sales, Rochester 4, N. Y. Here 
are given sizes, prices, and the code for 
specifying the cut-on wavelength wherever 
wanted from I to 5w.. 


Communications by 8mm 


How would you like a good sound re- 
corder that also shows movies? For 
$345 list. 

Make your movies with a regular 
8mm camera. If you want a suggestion, 
m could be a Brownie Movie Camera, 
which starts as low as $24.50 list. Have 
your film processed. Either then or 
after editing, have the dealer send it to 
us for Kodak Sonotrack Coating, a 
magnetic stripe .030” wide between 
the sprocket holes and the edge of the 
film. Project with the new Kodak 
Sound 8 Projector and into the little 
microphone speak your comments. In 
case of afterthoughts, solecism, or 
fuzzy rhetoric, hit the knob (excellent 
brakes) and the “record” switch, re- 
verse, throw into forward, and record 
again. This takes care of erasing. Start 
again in the middle of a sentence if yOu 
wish. No waiting to reach recording 
speed. Project again to listen back. 
When completely satisfied with telling 
the story in English, you can erase and 
retell it on the same film in the Lu- 
ganda tongue. 

This is quite a system of communi- 
cation. Use it to instruct your Swazi- 
land branch office. Report to the home 
office on whether the breakwater at 
Pago Pago needs rebuilding and how 
the swallows come in for the landing 
at Capistrano. Save days of literary 
toil. What few words the movies leave 
to be said are more convincing when 
heard in accompaniment to the sight 
of the action. (As for combined records 
of the children’s voices and swiftly 
changing ways, shame on sentiment!) 

Demonstrations cheerfully given where 
the “‘Kodak”’ sign is displayed. Say dis- 
tinctly: Kodak Sound 8 Projector. 


Prices quoted are subject to 
change without notice. 
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Meetings 
Virology 


The Gustav Stern symposium on 
“Perspectives in Virology II” met in 
New York City on 25 and 26 January 
1960 and provided opportunities for 
probing into many facets of virology. 
It was attended by 120 invited partici- 
pants, who reflected the international 
scope of interest in this field and the 
diversity of the disciplines aimed at 
clarification of viral problems. 

Basic aspects of virology were pre- 
sented on the first day. T. M. Sonneborn 
(Bloomington, Ind.) discussed border- 
line host-parasite relationships as ex- 
emplified by the kappa agents of Para- 
mecium. He described the exclusion of 
lethal kappa agents from the cell by the 
more efficient benign kappa competitive 
agents and proposed that similar studies 
should be undertaken with viral agents. 
Robley Williams (Berkeley, Calif.) de- 
fined the significance of ultramicro- 
scopic particles in cells and the impor- 
tance of relating them to viral agents 
through biological assay. He reviewed 
the electron-microscopic appearance of 
many of the animal viruses which have 
been viewed in purified form and in 
ultrathin sections. He was unable to 





detect a distinction in observable struc- 
ture between cytolytic and oncogenic 
viruses. He outlined developments 
which would be needed for further in- 
terpretation of the cell-virus relation- 
ship. 

G. Schramm (Tiibingen, Germany) 
discussed mutation in viruses. He ana- 
lyzed the kinetics of mutation of tobac- 
co mosaic virus ribonucleic acid through 
treatment with HNO:. W. Wilbur Ack- 
ermann (Ann Arbor, Mich.) discussed 
the biochemistry of vaccinial infection. 
He described how the mechanism of 
vaccinial infection conforms to the pat- 
tern of the small viruses. In HeLa cells, 
one particle can initiate a focus of in- 
fection, this is followed by an eclipse 
phase, then virus production occurs as 
an all-or-none phenomenon. The cyto- 
plasm shows increased accumulation of 
protein, ribonucleic acid, and deoxyri- 
bonucleic acid prior to the appearance 
of new virus. James E. Darnell (Be- 
thesda, Md.) demonstrated that a cell 
infected with poliovirus does not make 
virus-specific precursor molecules for 
the first 242 to 3 hours after infection. 
The protein and ribonucleic acid com- 
ponents are then synthesized and joined 
as mature virus. 

R. Walter Schlesinger (St. Louis, 
Mo.) discussed vagaries of. adenovirus- 
cell complexes and showed, by exam- 


ple, that a single amino acid (arginine) 
in the nutrient fluid can influence the 
appearance of cytopathology, as well 
as the emergence of latent viral agents. 
A report by Harold S. Ginsberg (Cleve- 
land, Ohio) on biochemical alterations 
in adenovirus-infected cells indicated 
that the intranuclear inclusion bodies 
were deoxyribonucleic acid; .that this 
was newly synthesized as a result of 
viral infection; that it differed in struc- 
ture from normal host deoxyribonucleic 
acid; and that it was probably a “single- 
stranded” deoxyribonucleic acid. The 
inclusions were the result of an over- 
production of a viral precursor. The 
cellular protein increase contained three 
distinct biologically active fractions: (i) 
infectious viral particles, (ii) toxin, and 
(iii) common soluble CF antigen. 
Selman Waksman (New Brunswick, 
N.J.) discussed experiences in the 
search for antiviral agents. He attrib- 
uted failures to obtain antiviral agents 
from microbial cultures to searches 
which were concerned primarily with 
the properties of growth and metabo- 
lism in biological systems; however, 
viruses possess no intrinsic enzymatic 
mechanisms. Clarification of the mech- 
anism of viral synthesis and viral 
activity within the cell may provide 
leads toward effective treatment. 
Papers on the second day of the 
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Edited by Milton Greenblatt and Benjamin Simon 


This volume presents an up-to-date picture of 
rehabilitation in its broadest sense. 
butions are from outstanding researchers and 
practitioners in the field. The process of rehabili- 
tation is examined from the standpoint of (a) 
hospital, (b) transitional aspects, and (c) com- 
munity. The rehabilitation of the individual in 
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symposium were concerned with _appli- 
cations. Alick Isaacs (London, Eng- 
land) defined “interferon” as a normal 
cell constituent produced in excess as a 
defense mechanism in response to virus 
stimulation. He characterized “inter- 
feron” as a_ protein with molecular 
weight of 100,000. It is nontoxic and 
nonantigenic at virustatic doses. He 
postulated that “interferon” may func- 
tion as an antagonist to pentose metab- 
olism of virus replication, thereby 
“starving the virus.” Albert Sabin (Cin- 
cinnati, Ohio) showed that by the arti- 
ficial selection of polioviruses with high 
reproductive capacity at low or high 
temperatures, the virologist has a tool 
by which he may be able to alter or de- 
tect the biological activity of many 
viruses. In discussing creative associa- 
tions in biology, René J. Dubos (New 
York) pointed out how singular bio- 
logical phenomena could be altered 
when one organism shared the environ- 
ment of another. 

Sidney Kibrick (Boston, Mass.) re- 
viewed viral infections of the fetus and 
newborn. He pointed out that evidence 
on intrauterine and neonatal viral in- 
fections in man may be more significant 
than has been generally anticipated. He 
considered the perinatal period as a 
most hazardous period, when polio- 
virus, smallpox, vaccinia, salivary gland 
virus, and chickenpox could pose seri- 
ous problems. He reviewed 53 cases of 
Coxsackie virus-induced myocarditis 
and interpreted the route of infection 
as transplacental. Frangoise Haguenau 
(Villejuif, France) analyzed tumor 
virus-infected cells as viewed by elec- 
tron-microscopy. She stated that ultra- 
structural lesions could not be consid- 
ered specific, and that the presence of 
virus-like particles could be interpreted 
only as an abnormal sign. It was her 
opinion that infected and noninfected 
tissue culture preparations may provide 
the best media for electron-microscopy. 
Wallace P. Rowe (Bethesda, Md.) de- 
scribed an epidemiological study of 
mouse polyoma virus infection in wild 
mice in the Harlem district of New 
York City. This study provided thought 
provoking guidelines for similar studies 
on human tumors. While serological 
evidence of polyoma infection was 
highest in mice from congested areas, 
there was very low incidence of tumor 
disease. Polyoma virus was recovered 
from naturally infected wild mice and 
from cage contents (bedding). The vi- 
Tus appeared to be present in some 
commercial colonies. Robert J. Hueb- 
ner (Bethesda, Md.) discussed viruses 
in search of cancer. His thought-pro- 
voking presentation provided the intro- 
duction to an iniormal seminar (of 
which H. B. Andervont, Bethesda, Md., 
was chairman) on criteria to establish 
viruses as a cause of human cancer. A 
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panel of 14 tumer-virologists attempted 
to define guidelines for such a program. 
A résumé of their discussions is being 


. prepared by Andervont. 


Peyton Rous (New York) was hon- 
ored during the evening banquet, on 
the occasion of his 80th birthday and 
of the 50th anniversary of his first pub- 
lication on the Rous sarcoma virus. An 
eloquent tribute by Charles Oberling 
(Villejuif, France) brought into clear 
perspective the contributions of Peyton 
Rous to science and to society. 

This symposium was a unique meet- 
ing. The formal presentation of papers 
induced lively discussions by the par- 
ticipants. The aim of the symposium 
was to provide a forum for exchange 
of information among individuals of 
diverse interests and a bridge across 
which such information could be con- 
veyed to those who will apply it in 
public health. The proceedings of the 
symposium will be published as a 
Festschrift in honor of Peyton Rous, 
through the Institute of Microbiology, 
Rutgers University. 

Morris POLLARD 
Medical Branch, 
University of Texas, Galveston 


Forthcoming Events 


June 


]-3. Culture, Society and Health, conf., 
New . York, N.Y. (Miss D. L. 
Hunter College, New York) 








Keur, | 


]-3. Instrumental Methods of Analysis, | 


annual symp., Montreal, Quebec, Canada. 
(W. H. Kushnick, Instrument Soc. of 
America, 313 Sixth Ave., Pittsburgh 22) 

1-3. Radar Symp., 6th annual, Ann 
Arbor, Mich. (W. A. Blikken, Willow Run 
Laboratories, P.O. Box 2008, Ann Arbor) 

1-4. American Assoc. of Bioanalysts 
and California Assoc. of Clinical Labora- 
tories, annual, San Francisco, Calif. (Mrs. 
M. K. Higgins, 75 Buena Vista Ave., San 
Francisco 17, Calif.) 

1-5. Irrigation and Drainage, 4th intern. 
cong., Madrid, Spain. (D. Diaz-Ambrona, 
Comité Nacional Espanol de la Comision 
International de Riegos y Drenajes, Minis- 
terio De Obras Publicas, Agustin De. 
Bethencourt 4, Madrid) 

2-4. Drugs Affecting Lipid Metabolism, 
intern. symp., Milan, Italy. (S. Garattini, 
c/o Institute of Pharmacology, Via del 
Sarto 21, Milan, Italy) 

3-8. Pan American Medical Women’s 
Alliance, 7th cong., San Juan, Puerto Rico. 
(Mrs. S. D. Rosekrans, 504 Newett St., 
Nullsville, Wis.) 

5-8. Special Libraries Assoc., 51st an- 
nual, Cleveland, Ohio. (B. M. Woods, SLA, 
31 E. 10 St., New York 3) 

5-9. American Soc. of Mechanical En- 
gineers, summer annual and aviation conf., 
Dallas, Tex. (L. S. Dennegar, ASME, 29 
W. 39 St., New York 18) 

5-9. World Power Conf., Madrid, Spain. 
(D. J. Pérez, Pozualo, Spanish National 
Committee, General Pardinas, 55, Madrid) 











Darwin’s contribution, 
Darwin’s future: 


the historic papers of 
the University of Chicago 
Darwin Centennial Celebration 


EVOLUTION 
AFTER DARWIN 


Sol Tax, Editor 


Because this unique symposium, 
assembling fifty leading scientists 
from nine nations, aroused world- 
wide interest, its comprehensive sur- 
vey of developments and discoveries 
since The Origin of Species is now 
being offered to the public in per- 
manent form. EVOLUTION AFTER DAR- 
WIN contains both the texts of the 
symposium’s forty-four papers and 
transcripts of its five panel diS¢cus- 
sions: The Origin and Nature of 
Life, The Evolution of Life, Man as 
a Biological Organism, The Origin 
and Nature of Mind, and Social and 
Cultural Evolution. 


Volumes I and II — THE EVOLUTION 
OF LIFE: Its Origin, History and 
Future and THE EVOLUTION OF MAN: 
Mind, Culture and Society — will be 
published this month. Vol. III, Is- 
SUES IN EVOLUTION, which includes 
a comprehensive index, will complete 
the three volume set in the fall. 


Volumes I and II are priced at 
$10.00 each, and volume III at $7.50. 


The complete set of three volumes 
may be ordered now at a special 
price of $25.00 for delivery as pub- 
lished, either through your book- 
store or by means of this coupon. 


RESERVE YOUR FIRST-EDITION SET TODAY 


UNIVERSITY OF CHICAGO PRESS 
5750 Ellis Avenue, Chicago 37, Ill. 
Please reserve my first-edition volumes of Evo- 
LUTION AFTER DARWIN at the special price of 
$25.00, to be mailed as published. 
0 Check for $25.00 enclosed 
(no shipping charge) 
(0 Bill me $25.00 plus shipping when ist Vol, 
is shipped. 
Please send me only Vol. ...... 





Dept. 8-513 


CD Tenclose $......cceceees 0 Bill me. 
Name... cccccccccccccccccccecccccceese eee 
Street..... PPTTTTTTITTTT TTT TTT Tr 
City...... ecccccoccece Zone. ..State......... 














Model 3212 


Outside: 21 w. 24d. 34”h. 
Inside. 16’ w. 18d. 26°h. 

350 Watts. 115 or 230 Volts A.C. 
Floor stand available: 

212" w. 2212"d. 31h. 


National Appliance Co. 
7634 S.W. Capitol Hy: + Portland 19, Ore. 
Eastern Sales: 


H. Reeve Angel & Co., Inc, 
9 Bridewell Pl. + Clifton, N. J 


NATIONAL 


APPLIANCE 


WATER-JACKETED 
INCUBATORS 


For exact exposures over long peri- 
ods without variations in heat. 
Ideal for paraffin embedding. No fire 


_ hazard, Easy-cleaning, door - level 


floor, 


, Three shelves adustable on 2” cen- 


ters, Additional shelves available. 
One inch water jacket surrounds 
floor, walls and top. Simple one piece 
filling tube, gauge glass and drain 
cock assembly. Heating elements be- 
low jacket maintain constant tem- 
perature. Polished copper walls and 
inner glass door. Rapid temperature 
recovery, Fiberglass insulated. 
Temperature from room to 65° C. 
within +0.3° C., complete with 
thermometer, range minus 5° to 
110° C, Protected by a double hy- 
draulic Safety-Stat which prevents 
over-temperature damage. 


Write for bulletin or catalog of com- 
plete N. A. line. 


NATIONAL APPLIANCE 





UNITRON’s FREE 





Observer's Guide and Catalog on 


STRONOMAICAL TELESCOPES 


This valuable 38-page book 
is yours for the asking! 


With artificial satellites already launched and space 
travel almost a reality, astronomy has become today's 
fastest growing hobby. Exploring the skies with a tele- 
scope is a relaxing diversion for father and son alike. 
UNITRON's handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and acces- 
sories. It is of interest to both begi and d 
amateurs, 













Contents include — 


Observing the sun, 
moon, planets and 
wonders of the sky 


Constellation map 
Hints for observers 
Glossary of telescope terms 
How to choose 2 telescope 


Amateur clubs and research 
programs 


INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 
204-206 MILK STREET * BOSTON 9, MASS. 
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EPIDEMIOLOGY 
OF MENTAL DISORDER 


AAAS Symposium 
Volume No. 60 


Edited by Benjamin Pasamanick 


A symposium organized by the 
American Psychiatric Associa- 
tion to commemorate the centen- 
nial of the birth of Emil Kraepe- 
lin; cosponsored by the American 
Public Health Association. 


. . . pioneering interdisciplinary 
studies by investigators from bio- 
statistics, genetics, obstetrics, pe- 
diatrics, psychiatry, psychology, 
public health and sociology. 


December 1959, 306 pp., $6.50 
AAAS members’ cash orders, $5.75 


English Agents: Bailey Bros. & Swinfen, Ltd. 
West Central Street 
London W.C.1, England 


American Association 
for the Advancement of 
Science 


1515 Massachusetts Ave., NW 
Washington 5, D.C. 














5-10. National Conf. on Social Welfare, 
annual, Atlantic City, N.J. (Natl. Conf. 


on Social Welfare, 
Columbus 15, Ohio) 

5-14. XXV Cold Spring Harbor Symp. 
on Quantitative Biology, Cold Spring Har- 
bor, N.Y. (A. Chovnick, Biological Lab- 
oratory, Long Island Biological Assoc., 
Cold Spring Harbor) 

6-8. Protein Structure and Function, 
13th symp. in biology, Upton, N.Y. (D. 
E. Koshland, Jr., Dept. of Biology, Brook- 
haven National Laboratory, Upton, N.Y.) 

6-10. International Conf. on Live Polio- 
virus Vaccines, Washington, D.C. (Secre- 
tariat, Pan American Health Organiza- 
tion/World Health Organization, 1501 
New Hampshire Ave., NW, Washington 
6, De.) 

7-11. Microwave Tubes, intern. cong., 
Munich, Germany. (Nachrichtentechnische 
Gesellschaft im WDE (NTG), Frankfurt- 
am-Main, Osthafenplatz 6, Germany) 

7-13. Dosimetry in Health Physics, 
symp., Vienna, Austria. (International 
Atomic Energy Agency, 11 Karntner Ring, 
Vienna 1, Austria) 

7-15. Partial Differential Equations and 
Continuum Mechanics, intern. conf., Madi- 
son, Wis. (R. E. Langer, Mathematics Re- 
search Center, U.S. Army, Univ. of Wis- 
consin, Madison 6) 

8-9. Selenium in Nutrition, conf., Ithaca, 
N.Y. (K. C. Beeson, U.S. Plant, Soil, and 
Nutrition Laboratory, Ithaca, N.Y.) 

8-10. Canadian Federation of Biological 
Societies (Canadian Physiological Soc.., 
Pharmacological Soc. of Canada, Canadian 
Assoc. of Anatomists, Canadian Biochemi- 
cal Soc.), 3rd annual, Winnipeg, Manitoba. 
(E. H. Bensley, Montreal General Hospital, 
1650 Cedar Ave., Montreal 25, P.Q.) 

8-11. National Soc. of Professional En- 
gineers, annual, Boston, Mass. (P. H. 
Robbins, NSPE, 2029 K St., NW, Wash- 
ington 6) 

8-12. American College of Chest Phy- 
sicians, Miami Beach, Fla. (M. Kornfeld, 
112 E. Chestnut St., Chicago 11, Ill.) 

9-10. American Geriatrics Soc., Miami 
Beach, Fla. (R. J. Kraemer, 2907 Post Rd., 
Warwick, R.I.) 

9-10. Canadian Inst. of Food Technol- 
ogy, 3rd annual conf., Winnipeg, Mani- 
toba. (W. J. Eva, Box 846, Winnipeg, 
Manitoba) 

9-10. Society of Women Engineers, 
10th annual conv., Seattle, Wash. (Mrs. 
J. A. Troxell, 3613 E. 43 St., Seattle 5) 

9-11. Acoustical Soc. of America, Provi- 
dence, R.I. (W. Waterfall, ASA, 335 E. 45 
St., New York 17) 

9-11. Endocrine Soc., Miami Beach, 
Fla. (H. H. Turner, 1200 N. Walker, Okla- 
homa City 3, Okla.) 

9-11. National Speleological Soc., an- 
nual, Carlsbad, N.M. (G. W. Moore, U.S. 
Geological Survey, Menlo Park, Calif.) 

9-12. American Medical Women’s 
Assoc., Miami Beach, Fla. (Mrs. L. T. 
Majally, 1790 Broadway, New York 19) 

9-12. American Rheumatism Assoc., an- 
nual, Hollywood-by-the-Sea, Fla. (F. E. 
Demartini, Presbyterian Hospital, 622 W. 
168 St., New York 32) 

9-12. American Therapeutic Soc., Miami 
Beach, Fla. (O. B. Hunter, Jr., 915 19 St., 
NW, Washington 6) 


(See issue of 22 April for comprehensive list) 


22 West Gay St., 
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FOR REPUBLIC AVIATION’S 
SCIENTIFIC RESEARCH STAFF. 


physies 


High credentials of scientific accomplishment and 
leadership in posts of comparable stature are required. 


Research Staff. 


Ph. D. preferred. 


Please forward your resume in complete confidence to 
Dr. Theodore Theodorsen, Director of Scientific Research 


STEP UssLsg AVIAITZon 
Farmingdale, Long Island, New York 


Here is a rare opportunity for a creatively endowed 
space scientist to direct and enlarge the activities of a 
major section in Republic’s expanding Scientific 


The man selected must be a capable leader; and, hav- 
ing a comprehensive knowledge of the present state- 
of-the-art, be able to define areas for future research 
which show promise of leading to an eventual product 
technology. Responsibilities encompass space and 
astronautics research in its many diversities, including: 


SPACE DYNAMICS @ IONIZATION © RELATIVITY @ 
VACUUM PHYSICS © METEOROLOGY © SPACE 
PROPULSION @ RADIATION @ COSMOLOGY @ 


SPACE ENVIRONMENTS 


The Scientific Research Staff is now located in 
Republic’s new $14,000,000 Research Center. Its mod- 
ern offices and seven fully equipped laboratories afford 
experimental facilities to enhance theoretical deter- 
minations. Combined with the pleasure of Long Island 
living, this opportunity is, indeed, unusual. 











PERSONNEL PLACEMENT 

















CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. Posi- 
tions Open, $40 per inch or fraction 
thereof. No charge for box number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box Number. Monthly invoices will 
be sent on a charge account basis— 
e— that satisfactory credit is estab- 
ished. 


Single insertion 
4 times in 1 year 
7 times in 1 year 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 


$40.00 per inch 
38.00 per inch 
36.00 per inch 
34.00 per inch 
34.00 per inch 
32.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 

















Iii POSITIONS WANTED jill 


Basic Medical Science appointment at medical 
school, research institute wanted by 36-year-old 
M.D. Experience: Teaching histology, research; 
trace metals and cellular physiology. Neuro- 
chemistry project ready to start. Pharmacology, 
anatomy, or biochemistry department. Northeast 
Coast Pesterresi ‘a consider elsewhere. Reply 
Box 97, SCIENCE x 


Broad-Spectrum Sacebilies Biochemistry. Experi- 
enced in chemical literature and research journal 
publication. Ph.D. biochemistry. Male. Desire 
nonindustry position sonoenee research and ad- 
ministration. Box 103, SCIE x 


6 MAY 1960 














Iii POSITIONS WANTED iil 


Biochemist, 38. Teaching and/or research. Lipid, 
nucleic acids, isotopes in growth and viruses in 
cell cultures, animals. Teaching and broad 
methods experience. Publications. Box 106, 
SCIENCE. xX 








Botanist, Ph.D. Morphology-anatomy major de- 
sires corte os position. Experienced. Box 
105, SCIENCE 5/20 





Clinical Biochemist, 
directed large units; expert in most 
tests. Married, family, present 
$11,000. Box 99, SCIENCE. 


and 
“special” 
salary over 

x 


Ph.D. Has organized 





Clinical Biochemist, Ph.D., trained at large general 
hospital; commercial laboratory experience; 3 
years of teaching (biochemistry) and research 
at medical college. Desires hospital position 
permitting research. Box 104, SCIENCE. xX 





French-Speaking British M.D.; 10 years as clini- 
cian, years in international health (WHO), 
postgraduate medical training France and experi- 
ence French pharmaceutical industry, possessing 
French work-permit, offers services American 
a European operations. Box > 


Hill! POSITIONS OPEN Tn 


Biochemists. For pioneering study in the area 
of biochemical individuality, which is basic to 
all disease susceptibility. Holders of master’s 
degree or doctorate will be considered if gen- 
uinely interested in this field. Generous stipends 
individually adjusted. Also part-time assistant- 
ships. Roger J. Williams, Director, Clayton Foun- 
dation Biochemicai Institute, University of Texas, 
Austin. x 











Mi POSITIONS OPEN MiMi 


Faculty of Agriculture. The University of Alberta 
invites applications for a position in the De- 
partment of Animal Science as Assistant Pro- 
fessor, starting salary $6000— depending on 
experience and qualifications, excellent prospects 
for advancement. Candidates should have a 
Ph.D. or equivalent in animal physiology with a 
minor in biochemistry and qualified to con- 
duct research involving the use of isotopes. 
Duties, to commence 1 September 1960, include 
fundamental and applied research with farm and 
laboratory animals, teaching and limited exten- 
sion work. 

Applications, accompanied by a recent photo- 
graph, and giving age, nationality, and other 
personal information, transcripts of academic 
record, list of publications and experience, and 
names and addresses of three references, should 
be addressed to the Head, Department of Animal 
Science, University of Alberta, Edmonton, Al- 
berta. Closing date: 30 June 1960. 5/6 








Anatomy Department, Dalhousie University, Hali- 
fax, Nova Scotia. Applications are invited for 
two positions at the rank of Assistant Professor 
in the Department of Anatomy. Experience in 
the teaching of gross anatomy is essential and 
a willingness to undertake some teaching in 
neuroanatomy, histology, or embryology desir- 
able. The successful candidates will be expected 
to participate in the active research program of 
the department, for which good facilities are 
available. Applicants with a medical degree will 
be preferred although those with an honors de- 
gree in medical science or biology will receive 
special consideration. The salary for a medical 
graduate with minimum qualifications will be 
$6500. The salary will depend upon qualifications 
and experience. Applications should be made to 
Professor R. L. deC Saunders at the above 
address. 3/4; 4/1; 5/6; 6/3 





Chemist, Experienced, for Production of Blood 
Plasma Fractions. Good salary, permanent. 
Write or phone jUdson 6-2324, Dr. Cahan, Knick- 
erbocker Biologicals Inc., 300 West 43 Street, 
New York 36. x 


| Histologist, 





Histochemist, Ph.D. or equivalent. 
Research institute, New York, Modern, well 
equipped and staffed, air-conditioned laboratory. 
Opportunity for training in — microscopy. 
Box 107, SCIENCE. 5/13, 20 
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(iii POStTIONS OPEN jill 


(a) Biochemist, Ph.D., to supervise medical school 
research, diagnostic cardiology laboratory; super- 
vise technologists, train new employees, devise 


new techniques for chemical analysis; must | 
experienced in latest procedures, equipment; mid- 





western university medical center, to $ 5 
(b) Bacteriologist. Prefer also qualified immu- 
nology to work principally in joint research 
project in university school of dentistry, affiliated 
teaching hospital; some teaching, laboratory work 
required; Midwest. (c) Virologist M.S., Ph.D., for 
research, teaching, possibly diagnostic work and 
(d) Microbiologist-I logist dl to par- 
ticipate teaching microbiology to sophomore 
medical students, some research; eastern uni- 
versity medical school. (e) Biochemist, B.S., M.S., 
to head laboratory section, 300-bed voluntary 
general hospital; to $8000; midwestern college city 
75,000. (f) Pharmacologist, Ph.D. trained, experi- 
enced cardiovascular field to supervise acute, 
chronic screening programs, study potential car- 
diovascular compounds; eastern company; about 
$10,000. (Please write for an analysis form, Our 
64th year: Founders of the counselling service to 
the medical profession. Serving medicine with 
distinction over half a century.) Science Division, 
Woodward Medical Bureau, Ann Woodward, 
Director, 185 North Wabash, Chicago. x 








ENDOCRINOLOGIST OR PHYSIOLOGIST 


An expanding midwestern pharmaceutical company 
has an opportunity for a Ph.D. endocrinologist 
or physiologist with interest and experience in 
physiology of reproduction. Prefer 1 to 2 years 
postdoctoral industrial or academic experience. 
Position would involve basic and preclinical 
studies with sex hormones and related drugs. 


Please send résumé to 
Technical Employment Coordinator 


THE UPJOHN COMPANY 
Kalamazoo, Mich. 





HEAD OF 
PHARMACOLOGY 


Midwestern pharmaceutical firm seeks qualified 
man to head its Pharmacology Department. Age 
35-45. Prefer M.D. and Ph.D. degrees. Should 
have 5 to 7 years of teaching experience as 
Assistant or Associate Professor and/or research 
experience with pharmaceutical firm. Broad 
knowledge of field is necessary. Duties consist of 
supervising other Ph.D.’s, supervision of pharma- 
cology screening and broad decisions on various 
programs. Salary commensurate with experience. 


All replies confidential. Send résumé of education 
and experience to 


Box 101, SCIENCE 





Medical Technologist, blood banking background 
desirable. Interest in research required. Excellent 
opportunity to participate in blood group re- 
search. Salary open. Mail replies to R. F. Ambe- 
oo Milwaukee Blood Center, Inc., Milwaukee, 

is. ew 





Microbiology of Coal and Petroleum. The Re- 
search Council of Alberta has an opening for a 
microbiologist to participate in research dealing 
with the origin, constitution, and utilization of 
fossil fuels. Existing projects involving micro- 
biology deal with the development of — 
pigments in crude oil and with microbiological 
oxidation of aromatic hydrocarbons. Investiga- 
tions of the sulfur compounds in both oil and 
coal and of humification processes are planned. 
There will be opportunity to participate in the 
choice and planning of research programs and 
ample scope for individual scientific develop- 
ment. Salary dependent on qualifications. Make 
application to The Secretary, Research Council 
of Alberta, 87th Avenue and 114th Street, Ed- 
monton, Alberta. 5/6 








Iii] POSITIONS OPEN iil 


Botanist. Experienced in microtechnique and 
general botanical preparation. For work with 
well-known biological supply house. Preparation 
of slides and other demonstrations for botany 
and general biology. Male or female, prefer 
Ph.D.; and experience acceptable. Good 
salary, benefits, paid vacation, and sick leave. 
Opportunity for advancement. Reply to Box 95, 
SCIENCE. 5/6 











(Milli BOOKS AND MAGAZINES jill 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are a to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 











PHARMACOLOGIST 
Midwestern pharmaceutical firm seeks recent 
Ph.D. or M.D. graduate. Will specialize in 


pharmacology studies. Salary open. All replies 
confidential. Send résumé to 


Box 102, SCIENCE 





Physiologist or Biophysicist. To direct research 
laboratory concerned with effects of very strong 
electromagnetic fields on normal and neoplastic 
tissues in animals and man. Appropriate faculty 
rank and staff status in large midwestern hospi- 
tal and medical school. Salary, $10,000 to $15,- 
000, depending on qualification, Box 80, SCI- 
ENCE. 5/6; 6/3; 7/8 





Research and Teaching Assistantships available 
for graduate students. Programs in metabolism, 
mechanism of biological reactions, muscle physio- 
logy, and enzyme chemistry. Stipends $3000 per 
year. Applications invited for immediate con- 
sideration or for next academic year. Personal 
interviews arranged for promisin: candidates. 
Write to Chairman, Department of Pharmacology, 
St. Louis University School of Medicine, St. 
Louis 4, Mo. 5/13 


SENIOR RESEARCH OFFICERS 
$8,340-$9,420 


required by 
Canadian 
Department of Agriculture 
for research in 
NUTRITION, PHYSIOLOGY, 
BIOCHEMISTRY, APICULTURE, 
INSECT PATHOLOGY and 
ANIMAL GENETICS. 


For details, write to 
CIVIL SERVICE COMMISSION, 
OTTAWA 
Ask for Circular 60-551. 


Virologist (IVa) Ph.D., to head public health 
virus laboratory engaged in diagnostic and re- 
search activities. State civil service with retirement 
plan, plus social security. Starting salary $8435 
to $10,774 maximum. Write Michigan Civil Serv- 
ice, Recruitment and Placement, Lansing 13, 
Mich., for further information. 5/6, 13, 20 


The Market Place 


BOOKS * SERVICES * SUPPLIES * EQUIPMENT 














DISPLAY: Insertions must be at least 1 
inch in depth. Monthly invoices will be 
sent on a charge account basis—pro- 
vided that satisfactory credit is es- 
tablished. 

Single insertion 

4 times in 1 year 
7 times in 1 year 

13 times in 1 year 

26 times in 1 year 34.00 per inch 

52 times in 1 year 32.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 


$40.00 per inch 
38.00 per inch 
36.00 per inch 
34.00 per inch 














iil BOOKS AND MAGAZINES lll 
SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top 
Your wants supplie 
our Back Files of over 3,000,000 
Abrahams Magazine Service, N. Y. 





rices, 
from 
periodicals. 

u ‘ 
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MAMMARY TUMORS IN MICE 


AAAS Publication No. 22. By the staff of 

the National Cancer Institute, National In- 
stitutes of Health. F. R. Moulton, Ed. 
7%” xX 11%”, cloth, 20 tables, 52 illus. Pub- 
lished 1945—Now offered at reduced price: 
$3.00 prepaid orders by AAAS members, 
$3.50 retail. 


AAAS 
1515 Massachusetts Avenue, NW, 
Washington 5, D.C. 














iil PROFESSIONAL SERVICES ill 


BIOLOGICAL SERVICES 


Foods, Drugs, Cosmetics, Chemicals, 
Feeds, Packaging —Toxicological 
Mycological and Bacteriological 
Investigations 


United States Testing Co. In 


1415 Park Ave., Hoboken, N.¥J 


















HISTOLOGY 
for 
Industry and Research 


GEORGE L. ROZSA, M.D. 
143 Linwood Ave. Buffalo 9, New York 
GRant 7165 














LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 

and Screening, Flavor Evaluation. 


Project Research and Consultation 











Write for Price Schedule 
P. O. Box 2217 © Madison 1, Wis. 
















A_precision instrument that 
will do all the calculations of 
wee expensive desk models. 
Weighs only 8 oz. 

Fast, accurate, sturd 


r 
HE CURTA COMPANY Dept. ss 
14435 Cohasset St. Von Nuys, Celif. 


SWISS MICE 


BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 


HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 
















YOU NEED THIS FREE 


CATALOG FOR YOUR FILES, 


Serums, antiserums and bloods 
of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 © Denver 16, Colo. 
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...NEWS IS HAPPENING AT NORTHROP _\% 


Growing Importance of 
Weapon Systems Support 
Puts New and Vital 
Emphasis on Specialized 
Engineering 


by Charles A. Kerner 


Chief Engineer, Systems Support, 
Nortronics Division of Northrop Corporation 


Some of today’s most vital and 
challenging engineering research 
and development work is in the 
area of weapon systems support. 
Our defense planning calls for 
vastly more sophisticated wea- 
pons— weapons such as the 
Navy’s Polaris missile, the Air 
Force’s Sky Bolt air-launched bal- 
listic missile, and the Army’s 
new family of high-performance 
tactical weapons. Creating sup- 
port systems for such weapons 
places new emphasis on special- 
ized engineering talent. 


Nortronics Division of Northrop 
Corporation, recognizing this 
essential relationship of weapon 
and support equipment, has al- 
ready achieved outstanding ad- 
vances in vital areas that include 
the following: 


ELECTRONICS. Nortronics antici- 
pated the need for rapid, auto- 
matic readiness evaluation of 
complex weapon systems and pro- 
duced DATICO (Digital Auto- 
matic Tape Intelligence Check- 
out). Now operational, it is al- 
ready adapted and performing 
for all three branches of our 
Armed Forces. For the Navy, 
DATICO serves on the Polaris 
project. Nortronics is developing 
units for missile-system check- 
out aboard the Polaris-firing sub- 
marine, the submarine tender, 
and at the Naval Weapons Annex. 
The Air Force employs DATICO 


for depot checkout of advanced 
airborne electronic components. 
A Nortronics-developed Univer- 
sal Field Maintenance Shop Set 
based on DATICO is now in the 
Army inventory. 

MECHANICAL GROUND HANDLING 
SYSTEMS. One example: The 
Army’s Hawk. Nortronics pro- 
duced the first integrated design 
of mobile launcher and tracked 
self-propelled loading vehicle.On 
other projects, Nortronics re- 
lates its experience to develop 
special handling vehicles for 
forthcoming weapon systems. 
OPTICAL SYSTEMS. Nortronics 
physicists, optical designers, me- 
chanical and electronic engineers 
pioneer advanced techniques to 
solve the missile industry’s and 
the Armed Forces’ highly com- 
plex optical problems. These 
include special image-producing 
systems and converting infrared 
into visual images; optical 
sights; range finders and fire con- 
trol systems for ground vehicles, 
shipboard and aircraft weapons; 
and reconnaissance systems. 
COUNTERMEASURES AND EXPLO- 
SIVE ORDNANCE. On classified 
projects and in modifying and 
applying known penetration aids, 
Nortronics meets the demands 
of future weapon systems. Areas 
of emphasis: weapon systems in- 
tegration and tactical analysis, 
dynamics, design and test, and 





ballistics. Current contributions 
include chaff-dispensing technol- 
ogy and infrared decoys. 


Nortronics organizesits Systems 
Support engineering staff on a 
project basis which permits a 
complete spectrum of specialists 
to concentrate their efforts in 
each primary area of develop- 
ment. Aiding these scientists and 
engineers in technological depth 
is the Systems Engineering 
group which provides compre- 
hensive systems analysis and 
synthesis studies. With facilities 
and resources of the entire Nor- 
throp Corporation at his disposal, 
each specialist at Nortrenics is 
encouraged to create the most ad- 
vanced contributions in his field. 


Current papers by Nortronics 
scientists and engineers include: 
“Integration of Missile Ground 
Support Equipment” by Irvin 
Trowbridge and William B. Van 
Horne. “Toward Universal Test 
Systems” by Robert Gray. ‘“Ra- 
dial Distortion: Its Calibration, 
Computation in Non-Gaussian 
Image Planes, and Compensation” 
by Dr. Konstantin Pestrecov. 

For copies of these papers 


and additional information 
about Northrop Corporation, write: 


NORTHROP \ 


CORPORATION 


Department T7-1300-32, P.O. Box 1525 
Beverly Hills, California 





AO Offers Low-Cost Stereophotomicrography 


...in just three easy step 





: S 
SET the tocusing adjustment on your AO Spencer SWING the mounted 35mm Graflex Stereocamera 
Cycloptic Stereoscopic Microscope, to bring specimen into position over eyepieces. Designed exclusively 
into sharp focus. Camera is mounted directly to Cyclop- for Cycloptic, special compensating prisms in adapter 

tic... out of the way... ready for instant use. unit render camera parfocal with microscopes’ optical sys- 

—— = See tem. Set camera for bulb exposure. No further adjustment 
. is necessary. 


The full-size Graflex Stereoviewer, with built-in light 
ie a - source, completes this easy-to-use 3-D photo pack- 
ba ak a ‘ . > ° ° 

E age. You can review your findings over and over 

SNAP shutter with cable release. You photograph again... anytime... anywhere. Here is everything 

the sharp three-dimensional image exactly as you saw you need for three-dimensional photomicrography 

it. Your film processor will supply stereo mounted ... unique... easy-to-use. Available only from Amer- 
photographs. Now you have permanent, three-dimen- 


samadhi ; “aie et 0 gece ent , ican Optical. 
sional photomicrographs, in black-and-white or color, . . we 
for future ireferencc. Ask your AO Sales Representative or write: 


Am erican Oita O — send full information on AO Spencer 637 Stereo- 
camera attachment. 


O Also include information on AO Spencer Cycloptic 


Stereoscopic Microscopes. 
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Address 
INSTRUMENT DIVISION, BUFFALO 15, NEW YORK City 





Zone State 








